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Selection to change the shape of the body weight growth 
curve in mice spanned 11 generations. The results of 
generations 7 - 11 of this selection and the correlated 
responses in body composition, food efficiency and 
reproductive performance are reported. 
Within family selection on male mice only was carried 
out on 2 replicates each of 8 lines of mice for: 5 week 
body weight (W), 5 week testis weight (T) or for indices 
combining W and T. The selection criteria were high W 
(HX), low W (LX), high T (XH), low T (XL), high W and 
high T (HH), low W and low T (LL), high W and low T (HL) 
and low W and high T (LH). Control lines were 
maintained. 
Selection for testis weight in an index with low body 
weight did alter the shape of the growth curve. High 
testis weight reduced growth rate after the age of 
selection while low testis weight increased it. The 
effect of testis weight on the shape of the growth curve 
was not as marked in the high body weight index lines. 
The high testis weight line male mice had reduced 
percentage carcass fat and lower weight gain/food intake 
ratios. These differences were not explained by 
endogenous testosterone levels as •there were no 
significant differences found among divergent lines at 5 
or 10 weeks of age in this trait. 
Female mice of the high testis weight lines had 
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greater percentage mating s Iccess. In general the low 
body weight and low testis weight lines had smaller 
litter sizes than their high body weight and high testis 
weight counterparts. This was partly due to lower 
ovulation rates in the low body weight and low testis 
weight lines. 
1. INTRODUCTION 
Changing the shape of the body weight growth curve such 
that the rate of early gain is increased while mature 
size is restricted is one possible way of improving the 
efficiency of meat production. An increased rate of 
early gain would increase the food efficiency of 
production by reducing the number of days to reach a 
required weight, while limiting later gain (and so 
mature size) would reduce the maintenance cost of the 
adult animal. 
Workers who have attempted to change the shape of the 
growth curve have used selection on indices of early and 
late body weights or ratios of gain over early and late 
parts of the growth curve. The response to this type of 
selection to "bend the growth curve is inevitably slow 
because of the increase in the generation interval 
incurred by measuring body weight, or gain, at an older 
age. 
Following a proposal by R. B. Land, Williams (1984) 
initiated a mouse experiment in our laboratory using a 
novel index in which testis weight, measured at an 
immature age, was used as a possible indicator of 
maturity in body weight. The use of an indirect 
indicator of adult size in growth indices would obviate 
the need to measure mature weight and so allow a greater 
rate of response to selection. Selection on testis 
weight was carried out at 5 weeks of age, just prior to 
3 
puberty in the male mouse, and combined with 5 week body 
weight, an estimate of early gain. 
In the experiment (Williams, 1984) mice were selected 
for the following single and index traits at 5 weeks of 
age: 
High body weight (HX) 
Low body weight (LX) 
High testis weight (XH) 
Low testis weight (XL) 
High body weight; High testis weight (HH) 
Low body weight; Low testis weight (LL) 
High body weight; Low testis weight (HL) 
Low body weight; High testis weight (LH) 
Unselected control lines were also maintained. 
Selection was carried out for 6 generations and during 
generation 7, when selection was suspended, the results 
were analysed to ascertain whether the process had 
altered the shape of the growth curves. The work 
suggested that increased testis weight was associated 
with reduced growth rate after the age of selection and 
that selection for decreased testis weight was 
associated with an increased rate of subsequent growth. 
This was the case regardless of the direction of 
selection for early gain in the index. 
At generation 7 the author took over the above 
selection lines and reinstated selection from generation 
8 and until generation 12 to produce larger differences 
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between the lines in order to evaluate the marginal 
findings obtained in the earlier work. 
In order to ascertain the value of changing the shape 
of the growth curve in an applied situation e.g. meat 
production, the effect of selection on the other 
economically important traits such as food efficiency, 
carcass composition and reproductive performance had to 
be investigated. The aim of this work was to study and 
report the results of the further 5 generations of 
selection to "bend" the growth curve in mice and to 
investigate the effects of selection on other 
potentially important traits. The traits studied were 
food efficiency, carcass composition and reproductive 
performance. In addition the levels of plasma 
testosterone were investigated in order to give some 
insight into the physiological basis for the responses 
to selection. Testosterone was the obvious candidate for 
study since it is the main hormone secreted by the 
testes and has been shown to have an effect on food 
efficiency, carcass composition and growth rate. 
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2. LITERATURE REVIEW 
2.1 DIRECT RESPONSES TO GROWTH CURVE SELECTION 
2.1.1 Changing the shape of the Body Weight Growth Curve. 
Direct response to selection for higher body weight 
at a fixed age invariably results in an increase in body 
weight at older ages and progression to a larger adult 
size. This is because of the high genetic correlations 
between weights at early and late ages (Taylor and Craig 
1965). 
It has long been an aim of animal breeders to bend 
the growth curve in a fashion which would result in 
increased early gain with little or no increase in 
mature size. To this end knowledge has been sought 
concerning the genetic differences in the shape of the 
growth curve among individuals and strains in order to 
provide a framework for developing selection schemes 
that will yield desirable growth patterns in livestock. 
As with other production traits the mouse has been 
used as a cheap model system to study growth. 
2.1.2 Description of Growth Curves. 
Postnatal 	growth of individual mice generally 
follows a sigmoid curve. The point of inflexion of the 
curve divides it into the earlier part where rate of 
gain is increasing and the later part where growth rate 
is decreasing. 
In order to understand the process of growth it is 
useful to consider the theoretical growth functions 
which can be used to give a mathematical description of 
the growth curve. 
Three 	of the better known theoretical growth 
functions are the Bertalanffy, the Gompertz and the 
Logistic. Each of these functions represent only a 
single curve or shape". Here "shape" refers not to 
changes in the magnitude of the curve along one or both 
axes but rather to alterations in the proportion of the 
height of the curve i.e. the proportion of adult weight, 
at which the point of inflexion of the growth curve 
occurs. The three functions mentioned are all special 
cases of the Richards (Richards 1959) curve described by 
the expression: 
= A'm(1-bet) when m < 1 
Wi-rn = A m(1+be) when m ) 1 
where 
W 	= 	Body weight at age t 
A 	= 	the 	asymptote of the 	function, the 	adult 
weight of the animal 
b 	= 	an integration constant, the starting point of 
the growth 	curve along the time axis 
k 	= 	the rate at which a logarithmic function 	of 
weight changes linearly per unit of time 	i.e. 
maturing 	rate 
= 	H 	= the proportion of 	A at 	which 
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inflexion occurs, or 
(100 x M)% = the degree of maturity in body weight 
at inflexion 
The Richards curve can facilitate the comparison 
between sigmoid curves which differ not only in the 
degree of compression along both axes but also between 
those of quite different "shapes'. This property is 
allowed by virtue of the extra parameter "m", the 
shape' parameter which determines at what proportion of 
the mature weight the point of inflexion occurs. 
Alteration of the shape of the growth curve is therefore 
dependent on effecting changes in m and, consequently, 
M. 
In the Bertalanffy, Gompertz and Logistic functions 
the shape parameter m is fixed at m = 2/3, m -j-.O and m = 
2 respectively. It can therefore be seen that use of 
these functions, without prior investigation of the 
curves, may immediately cause some of the possible 
variability of the growth curve shape to be missed since 
m is fixed. Hence when the shape, i.e. the proportion of 
the mature weight at which the point of inflexion 
occurs, of a growth curve is important the Richards 
function would be appropriate to use initially. As 
pointed out by Eisen, Lang and Legates (1969) the growth 
function which most closely approximates the true 
proportion of final size at which the the inflexion 
point occurs will provide the best fit to the data. 
2.1.3 Studies of growth function parameters. 
A and k 
A negative genetic correlation between mature size 
(A) and maturing rate (k) was found in Timon and Eisen's 
(1969) study on mice selected for gain and in McCarthy's 
(1979) study on mice selected for combinations of high 
and low 5 and 10 week body weight. Bakker (1974) also 
found a negative relationship between these parameters 
in his study on mice selected for high and low 8 week 
body weight and relative growth rate. The magnitude of 
the correlations in these analyses would indicate that 
there is genetic variation in k independent of A, but in 
general it can be expected that selection for early 
maturity would result in a decrease in mature size. 
in and H 
Few of the analyses of growth curves employing 
growth functions have set out to study variation in m 
which determines H, the proportion of the asymptotic 
body weight at which the point of inflexion occurs. This 
omission is particularly obvious when reviewing the 
literature on selection experiments designed to alter 
the shape of the growth curve as the success of such 
selection is dependent on that variation. From the 
studies of Eisen, Lang and Legates (1969) on mice 
selected for high and low 6 week body weight and that of 
Timon and Eisen (1969) on mice selected for 3 - 6 week 
post weaning gain and unselected controls the logistic 
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function (m = 2, M = 1/2) was found to be the best fit 
to the observed body weight curves for all lines. 
Bishop (1985) found that a curve close to the 
Gompertz (m - 0, H = 0.368) could be used to describe 
growth curves of mice selected for high and low % Fat, 
low Protein mass and low Appetite corrected for body 
weight. In the same work higher values of m were 
necessary to describe the high Appetite and Protein 
lines. In order to study the effects of selection for 
different combinations of weights at two ages on the 
parameters A and k, McCarthy(1979) fixed m at close to 
zero having demonstrated that the Gompertz function best 
fitted a sample of his data. 
The fact that different growth functions, with m 
values ranging from close to 0 to 2 , were required to 
describe the growth curves above would indicate that 
there is between strain variation in H. Within strain 
variation in m has been demonstrated in Fitzhugh and 
Taylor's (1971) study on female cattle data. Here 
genetic covariation with mature weight accounted for 15% 
of the total genetic variation in degree of maturity; in 
other words for animals of similar adult weight there 
remains considerable variation in degree of maturity. 
Age (Ti) and weight at inflexion (Wi) 
In the mouse the point of inflexion of the growth curve 
has been closely related to the attainment of sexual 
maturity (Monteiro and Falconer 1966). changes in age 
and weight at inflexion therefore indicate changes in 
age and weight at puberty. 
Age and weight at inflexion increased in Bakker's 
(1974) line selected for increased 8 week body weight 
and decreased in the line selected for low body weight. 
There was no difference in M between these lines. Eisen, 
Lang and Legates (1969) found significant increases in 
Wi in both sexes of mice selected for high 6 week body 
weight and a decrease in animals selected for low 6 week 
body weight. In this study Ti increased for both sexes 
in the low line and for females only in the high line. 
There were no significant changes in age at inflexion in 
mice selected for relative growth rate (Bakker 1974) or 
in mice selected for 3 - 6 week gain (Timon and Eisen 
1969). 
In the female, age at vaginal opening has been used 
as a practical indicator of puberty. Drickamer (1981) 
successfully selected for a related trait, vaginal 
oestrus. Mice selected for younger age at vaginal 
oestrus were significantly lighter at the time of 
oestrus than the control and mice selected for increased 
age. The effects of this selection on the growth curve 
were not assessed but there was no significant 
difference between the lines in 3 and 6 week weight. 
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Conclusions 
Selection for body weight does not usually change the 
shape of the growth curve. 
An increase in maturation rate 	is likely to 
decrease adult size. 
There is genetic variation in m. 
It is possible to alter the shape of the growth 
curve. 
2.1.4 Problems with fitting growth functions. 
In order to analyse the parameters as metric traits 
growth functions must be fitted to the observed curves 
for individual animals. With the 3 parameter functions 
(Gompertz, Logistic and Bertalanffy) m is fixed and A, k 
and b can be assigned by iteration to minimise the 
deviations between the observed curve and the fitted 
curve with relative ease. However fitting the 4 
parameter generalised Richards function poses 
difficulties probably, as suggested by Eisen et al 
(1969), because values of the parameters depend largely 
on each other. Lack of convergence of parameter m in 
addition to wrong estimation of m when local minima are 
met in the iteration has been experienced by several 
cued &LL±Qf 
workers (McCarthy,1979, Williams 1984 and Bishop 1985). 
One way round the problem has been to fit the Richards 
function to a sample of the total data, 	to assume the 
same numerical value of in for all individuals and to 
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compare a range of values of in to see which gives the 
&r 
best overall fit (McCarthy1979 and Bishop 1985). This 
procedure however means that in cannot be analysed as a 
metric trait and so the statistical significance of any 
difference among strains cannot be assessed. 
Even when the curve of best fit has been obtained, 
Bakker (1974), Bishop (1985) and Williams (1984) found 
that the fitted curves tended to overestimate growth 
after puberty and underestimate (Timon and Eisen 1969), 
quite severely sometimes, mature weight. Age, weight and 
the proportion of mature weight at inflexion were also 
underestimated (Bishop 1985). 
A survey of studies on growth curve analysis by 
Eisen (1976) led him to conclude that selection for body 
weight did not affect the shape of the growth curve. 
However small changes in the growth curves of broiler 
chickens were detected by Merritt (1974) in lines 
selected for body weight by expressing weights at two 
ages as ratios of each other. These instances together 
may indicate a limit of the sensitivity of the growth 
functions to small changes in in. 
2.1.5 Alternative methods of analysing growth curves. 
With the problems associated with the fitting of 
growth functions other methods of curve analysis have 
been employed. In addition to visual appraisal of the 
curves, changes in shape have been assessed by 
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comparison with control lines, either as changes in log 
body weight divergence with age or by fluctuations of 
body weight as a ratio to a control line with time 
(Williams 1984). Expressing body weight at any age as a 
ratio to A allows the relative body weight of different 
strains at any age to be compared uncomplicated by 
differing mature size. 
Estimation of age and weight at inflexion can be 
found from age and weight at maximum growth rate or by 
measuring age and weight at puberty directly, for 
example by measuring age and weight at vaginal opening 
in female mice and age at "first" mating in males. 
2.1.6 Multi - trait selection to bend the growth curve. 
In the following text "early gain" and "late gain" 
will be used specifically to mean weight gains prior to 
and after the point of inflexion of the growth curve 
respectively. Taylor and Craig (1965) have shown that 
the genetic correlation between weight at different ages 
decreased with lengthening age interval; hence the 
further apart the ages of measurement the more effective 
the selection to bend the curve is likely to be. In 
order to influence the shape of the growth curve an 
index using body weights should include measures of 
weight from both before and after inflexion of the 
curve. For practical purposes puberty is taken as an 
indicator of inflexion and occurs around 5 - 6 weeks of 
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age in the mouse. 
McCarthy and Doolittle (1977) selected mice for 14 
generations for indices of high and low 5 week body 
weight and restricted 10 week weight (H5R10, L5R1O) and 
high and low 10 week body weight and restricted 5 week 
weight (R5H1O, R5L10). In the H5R10 and the R5H1O lines 
there was a significant response in the unrestricted 
trait with no correlated change in the restricted trait. 
Both weights changed in the same direction in the L5R10 
and R5L1Ø lines, but the change in the unrestricted 
weight was greater than that in the restricted weight. 
In general this selection was successful in altering the 
relationship between early and later weights. It is 
interesting to note that selection for lines restricted 
for 5 week weight and high or low 10 week weight was 
simply on 5 - 10 week gain. The bending of the growth 
curves in this experiment illustrates the difference 
between selecting for gain over a period which includes 
the inflexion point of the curve and selecting for gain 
over a period prior to inflexion as in Timon and 
Eisen's (1969) study, i.e. 3 - 6 week gain, which did 
not significantly alter the shape of the curve. 
Changing the shape of the murine growth curve by 
increasing the proportion of total post-weaning gain 
found in the early post-weaning period, i.e. selection 
to increase M, was undertaken by Wilson (1973). He 
selected on the ratio (3 - 6 week gain)/(3 - 9 week 
gain). While 3 - 6 week gain did not increase, 6 - 9 
15 
week gain and 9 week weight decreased and therefore the 
growth curve did change shape. Following 5 generations 
of unsuccessful selection to alter the growth curve 
using independent culling levels and antagonistic 
selection for 3 - 5 week gain and 8 week body weight, 
von Butler, Willeke and Pirchner (1980) did achieve 
successful antagonistic selection for increased gain and 
decreased 8 week weight in two different mouse 
populations in subsequent generations (von Butler et al 
1986). 
2.1.7 Indirect selection to bend the growth curve. 
Using a weight measured at some age after puberty 
in indices for growth curve selection has the drawback 
of increasing the age at which the animals are selected 
and thereby can reduce the rate of response to 
selection. The use of indirect selection to alter the 
curve would increase the rate of response to selection 
if a trait could be found which could be measured at an 
early age and which was a good indicator of mature size. 
Using a completely novel approach to the problem, 
Williams (1984) used testis weight in mice as an 
indicator of "maturity" and combined this in an index 
with body weight, an indicator of gain, with the 
intention of bending the growth curve. In the experiment 
both testis weight and body weight were measured at 5 
weeks (just prior to puberty). The results of 6 
16 
generations of selection indicated that the inclusion of 
testis weight with selection for body weight might be 
used to modify the pattern of growth. In general 
selection for high testis weight appeared to restrict 
later growth while selection for low testis weight did 
not. 
2.1.8 Testis weight in growth curve selection. 
Alteration of the shape growth curve depends on the 
change in the degree of maturity in body weight at 
inflexion. This change, however, need not involve direct 
selection at the age of inflexion as the genetic and 
phenotypic correlations between degree of maturity at 
points along the growth curve were all positive in data 
reported by Fitzhugh and Taylor (1971), indicating that 
animals which are more mature at one age tend to be more 
mature at another. 
Selection to bend the growth curve using an index 
of early and later weights is selection for degree of 
maturity in body weight directly. Testis weight, when 
related to body weight is more probably, however, an 
indicator of degree of sexual maturity. The potential 
role of testis weight in growth curve selection may 
therefore depend on a close association between sexual 
maturity and maturity in body weight. 
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2.1.9 Testis weight: the link between sexual maturity and 
maturity in body weight 
A possible relationship between testis weight and 
the degree of maturity in body weight may be envisaged 
if testis weight were to reflect levels of circulating 
testosterone. Testosterone is the anabolic steroid 
secreted principally by the testes and is known to 
influence growth via its action on the long bones. The 
extended growth of long bones in eunuchs and castrated 
cattle is one illustration of the effects of low levels 
of testosterone, derived from the adrenal glands, in 
these males. While low and increasing levels of 
testosterone promote bone growth (Zachmann 1970), high 
levels have been shown to cause closure of the epiphyses 
of long bones thus terminating linear growth. Short 
(1980) has reviewed the relationship between 
testosterone, sexual maturation and growth. In children 
suffering from precocious puberty the accelerated early 
growth and somatic development were attributed to the 
excessive amounts of male hormone present. The increased 
rate of skeletal maturation in these individuals 
resulted in relatively short adult height. 
A cross-sectional study on boys aged between 5 and 
16 years conducted by August and Grumbach (1972) 
demonstrated positive associations between testicular 
volume, degree of bone ossification, male pubertal 
development and testosterone levels. This work again 
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indicated 	that the processes of growth, 	pubertal 
development and testicular function are closely linked. 
In her study of selection on testis weight in an 
index to bend the growth curve, Williams (1984) used 
tail length as an indicator of linear growth and 
compared tail length among her lines. None of the 
differences in tail length between the lines were 
significant although the castrated males did have longer 
tails than their entire counterparts. Linear body 
measurements in sheep selected for increased testis size 
corrected for body weight were significantly reduced in 
the adult compared to those in animals selected for 
decreased testis size (J.G. Lee 1983 unpub.). The high 
testis weight sheep had higher plasma testosterone 
concentrations during growth than the low line animals 
although these differences were not significant 
(McNeilly 1986). 
Evidence 	of the involvement of the testes 	or 
testosterone in the shape of the muri'ne growth curve 
however, becomes equivocal as the study of both entire 
and castrated male mouse growth curves by Williams 
appears to show that curves of both sexes were similar 
in shape for the index selection despite the absence of 
the testes in the castrated mice after 3 weeks of age. 
Conclusions 
1) The role of the testes in bending the growth curve 
may be through the effects of testosterone on long bone 
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growth. 
2) The shape of the growth curve in the mouse is not 
completely dependent on the presence of the testes after 
3 weeks of age. 
2.2 CORRELATED RESPONSES TO GROWTH CURVE SELECTION 
2.2. 1 Introduction 
The relationships between the shape of the growth 
curve and economically important traits have to be 
investigated before growth curve selection is applied to 
livestock improvement. To date none of the studies 
designed specifically to alter the growth curve have 
included data on carcass composition, food intake and 
reproductive performance. 
This section aims to provide a reference point for 
the following chapters by reviewing the correlated 
responses to selection for body weight and those 
associated with testis weight and castration. 
2.2.2 Body Composition 
Body weight selection and body composition 
The carcass composition of an animal selected for 
gain is in part due to its age at measurement in 
relation to 1) age at which selection has been practised 
in prior generations and 2) age at puberty. 
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In general, selection for increased body weight is 
accompanied by an increase in % fat (Hayes and McCarthy 
1976, Hull 1960, Bakker 1974, Eisen and Bandy 1977 and 
Clarke 1969). Hull (1960) demonstrated by selecting mice 
at 3, 4.5, and 6 weeks for increased body weight that 
the animals selected at older ages were subsequently 
leaner at 6 weeks than those selected at younger ages. 
Before puberty, and until the point of inflexion of 
the growth curve, growth in many species consists mainly 
of lean tissue (protein plus water). After puberty 
growth rate decreases and there is a propensity towards 
fat deposition. Selection for increased gain has been 
shown to increase the age at puberty. Comparison of body 
composition at a given age can therefore be confounded 
by differences in degree of maturity. In general, 
strains of large animals tend to be later maturing 
Taylor (1968) and proportionately less fat than their 
smaller counterparts at the same age. At the same 
proportion of adult weight, however, Butterfield (1983) 
and McClelland, Bonaiti and Taylor (1976) have shown in 
sheep that differences among large and small strains in 
proportional composition were reduced. 
Testis weight and body composition 
Field (1971) has reviewed the literature on entire 
versus castrate male performance for sheep, cattle and 
pigs. While it is clear that castration results in an 
increase in the proportion of carcass fat in bulls 
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relative to steers and in rams compared to wethers the 
situation in pigs is less apparent. Testosterone 
replacement in Zebu steers (Hale and Oliver 1973) 
reduced backfat thickness and increased eye muscle area 
relative to unimplanted animals and in 10 week old 
wethers Schandbacher (1980) demonstrated that increasing 
doses of exogenous testosterone resulted in a decrease 
in the proportion of fat in the carcass. Interestingly, 
there was no significant difference in fatness among 
lines of sheep selected for high or low testis weight 
corrected for body weight (J. G. Lee pers. comm.). 
However the measurements were made on adult animals, 
i.e. at the same degree of maturity, which would 
therefore differ little in proportional carcass 
composition (Butterfield 1983). 
The relationships between testis size, testosterone 
concentrations and fatness were investigated in the pig 
by Schinkel, Johnson and Kittock (1983). They took 9 
samples of blood at 30 minute intervals from 36 boars at 
8 ages and showed that steroid concentration was largely 
independent of testis size and that testis weight was 
poorly correlated to backf at probe. Schinkel, Johnson 
and Kittock (1983) had also investigated testis weight 
and backfat in boars selected for increased average 
daily gain and decreased backfat and found the 
relationship between testis growth and body composition 
to be small. In this study they showed a negative 




The 	presence or absence of the 	testes 	and 
testosterone influence body composition quite markedly. 
Entire males are leaner than castrated males. 
There is no clear relationship between testis size 
and testosterone levels. Differing levels of endogenous 
testosterone and differences in testis size influence 
body composition in an unpredictable way. 
2.2.3 Reproductive performance 
Body weight and reproductive performance 
Litter size is 	the product of its two main 
components, ovulation rate and prenatal survival. The 
response of litter size to selection for body weight has 
been reviewed by Roberts (1965, 1979) and McCarthy 
(1982) and in general it is positively associated with 
body weight. Selection for body weight has been shown to 
increase litter size primarily by increasing ovulation 
rate (Fowler and Edwards 1960, Land 1970). Bradford 
(1971), however, has shown that while a positive 
correlation generally exists between ovulation rate and 
body weight in the mouse, litter size will not 
necessarily increase as a result of increasing ovulation 
rate because of the negative correlation between 
ovulation rate and prenatal survival. 
From their data Fowler and Edwards (1960) suggested 
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that the response in ovulation rate in two unrelated 
mouse strains under divergent selection for body weight 
was more closely related to total body protein. In our 
laboratory ovulation rate and litter size were found to 
increase in mice selected for high lean mass and in mice 
selected for high appetite corrected for body weight 
(Brien 1984). These lines both had an increased lean 
mass over controls (Bishop and Hill 1985). Indeed 
ovulation rate and litter size were very similar in 
lines of mice selected for high and low % body fat 
(Brien 1984), and Bishop and Hill (1985) found these 
lines to have almost identical lean mass despite large 
differences in fat content. These studies would lend 
support to Fowler and Edward's earlier observation. 
Testis weight and Reproduction 
In both male and female mammals, gonadal function 
is controlled by the same gonadotrophic hormones, LH and 
FSH, released from the anterior pituitary. The response 
to increasing levels of the gonadotropins at puberty in 
the male gonad is an increase in size. This increase has 
been correlated with increased sperm production. Land 
(1973) proposed that measures of fertility in either sex 
may not be wholly sex limited and more specifically that 
selection for increased testis size could be practised 
to increase ovulation rate in genetically related 
females. Land (1973) found the genetic correlation 
between testis size and ovulation rate in mice to be 
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0.82 after correcting for body weight. A summary of most 
of the evidence in the literature supporting the 
hypothesis that the testis weight of males may be 
related to the ovulation rate of genetically related 
females both within breed and between strain is given by 
Land, Carr and Lee (1979). 
Selection for testis weight corrected for body 
weight in sheep resulted not only in an increased 
ovulation rate, despite a decrease in body weight, but 
also an increase in litter size. Selection for testis 
size in the mouse (Islam, Hill and Land 1976) resulted 
in little change in litter size despite a correlated 
response in ovulation rate. 
Land and Falconer (1969) also found no clear change 
in litter size with selection for ovulation rate. It was 
thought that this outcome was due to the positive 
correlation between ovulation rate and embryonic 
mortality (Land 1970, Bradford 1971, Bowman and Roberts 
1958). In one experiment Bradford (1980) selected for 
litter size, prenatal survival and weight gain. He 
noticed that the greater response in ovulation rate in 
immature females of the line selected for gain to 
exogenous LH may be due to slightly earlier age at 
puberty and to higher levels of gonadotropin in the gain 
line. Land and Carr (1979) collated information showing 
that in sheep, the animals with the highest levels of 
reproductive activity appear to reach their LH "peak" at 
a younger age that those of lower activity and Toelle 
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and Robison (1985) showed that an increase in testis 
weight in cattle decreased age at first 
breeding/puberty. Much of the work above has dealt with 
reproductive characters at an early age. It may be that 
many of the associations are the result of changing the 
age at sexual maturity and the timing of the associated 
hormonal increases. 
In lines selected for body weight combined with 
testis weight Williams (1984) found that litter size 
followed the direction of selection for testis weight. 
Brien (1985) showed an increase in ovulation rate in 
mice selected for increased lean mass and increased food 
intake corrected for body weight. These lines also had 
increased testis weights and testis weight/body weight 
ratios (author unpub). 
Conclusions 
Selection for high testis weight may increase 
ovulation rate but not necessarily litter size. 
Any differences in reproductive performance between 
or within strains may be due to alteration of the age at 
sexual maturity and the associated hormonal changes as a 
result of selection for testis weight. As such these 
differences may not persist in animals at the same 
degree of maturity. 
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2.2.4 Efficiency 
Body weight and Efficiency 
Efficiency in meat production has been measured as 
the amount of weight gained over a time interval divided 
by the food consumed over the same time interval (Food 
Conversion Effiency, FCE), or as the inverse of this 
ratio, the Food Conversion Ratio (FCR). 
Selection for an increase in body weight leads 
almost invariably to an increase in food consumption and 
FCE. This has been shown to be the case whether 
efficiency has been studied over the same age interval 
or weight interval (Roberts 1981). 
Testis weight and Efficiency 
In general, castration leads to a reduction of food 
conversion efficiency in domestic livestock: in cattle 
(Field 1971, Gortsema, Jacobs, Sasser, Gregory and Bull 
1974, Hale and Oliver 1973), in sheep (Schandbacher 
(1980) and in pigs (Field 1971). In entire male cattle 
over 6 months of age, Lund-Larsen (1977) found a 
negative association between food units per kg weight 
increase and endogenous testosterone levels and 
Schandbacher(1980) found that exogenous testosterone 
could restore food intake and food conversion efficiency 
in wethers to that of rams. However in his study using 
various numbers of silastic implants containing 
testosterone Schandbacher (1980) did not show that FCE 
was dose dependent. 
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The effects of anabolic steroids on FCE were more 
fully expressed on high levels of nutrition (Hale and 
Oliver (1973) and Galbraith (1978)) and this was thought 
to be due to the decreased levels of steroids produced 
by the testes on low levels of feeding (Setchell, Waites 
and Linder (1965)). 
By contrast selection for lean efficiency in rats 
(Alirich 1981) significantly reduced 85 day testis 
weight relative to control animals even after 
adjustment for body weight. 
Conclusions 
Castration reduces FCE. 
The relationship between endogenous testosterone 
levels and FCE are unclear and dependent on level of 
nutrition. 
If testis weight is an indicator of maturity then 
selection for lean efficiency results in less mature 
animals. 
2.3 EXPERIMENTAL AIMS AND PREDICTIONS 
2.3.1 Direct responses to selection 
The initial aim of the selection experiment was to test 
the hypothesis that selection on a combination of body 
weight and testis weight measured on the immature animal 
could be effective in breeding programmes designed to 
28 
influence early gains and mature weights. The hypothesis 
was tested on the mouse and lines of mice were selected 
for the four combinations of high and low body weight 
and high and low testis weight. The two traits were 
measured at an immature age. Testis weight was measured 
by hemicastrating male mice at the age of selection. The 
animals could then breed with sperm from the remaining 
testicle. 
The 	lines selected for high testis weight were 
expected to show less growth after the age of selection 
since large testes should indicate a relatively high 
degree of maturity in overall growth. Conversely lines 
selected for low testis weight were expected to grow 
more after the age of selection. It was predicted that 
the lines should respond as follows: 
High body weight; high testis weight: high early 
gain but little subsequent growth. 
Low body weight; low testis weight: low early 
gain, delayed maturity and greater 	subsequent 
growth 
High body weight; low testis weight: high early 
gain, delayed maturity and 	greater subsequent 
growth 
Low body weight; high testis weight: low early 
gain and low mature weight 
In addition to the above index lines, unselected control 
lines were also included in the experiment as well as 
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divergent selection lines on body weight and testis 
weight seperately. This allowed estimation of the 
genetic parameters of the two traits and comparison of 
the responses to selection in an index line with that in 
a single trait selection line. A replicate of each line 
was maintained in order to account for the effect of 
random genetic drift on the response. 
2.3.2 Correleted responses to selection 
In addition to assessing the value of testis weight as 
an indicator of maturity in body weight the present 
study also set out to investigate the effects of the 
selections on body composition, food efficiency and 
reproductive performance. From the review of the 
literature it was seen that testicular function 
influences each of these traits and the value of testis 
weight in breeding programmes to alter the pattern of 
growth depends on it having little or no adverse effect 
on body composition, food efficiency or reproductive 
performance. 
The effect of testis weight on the traits above 
may act through altering the degree of maturity and/or 
through the effect of testosterone. 
In general the more mature an animal is the greater the 
percentage fat in the body so the high testis weight 
index lines would be expected to be fatter than the low 
testis weight index lines at the same age. 
The effect on food efficiency prior to the age of 
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selection is expected to be largely dependent on the 
direction of selection for body weight in the index, the 
more the gain the greater the efficiency. 
The effect of testis weight on food efficiency is 
expected to act mainly through its effect on later gain, 
so it would be expected that because high testis weight 
reduces gain after the age of selection in index lines 
then food efficiency would decrease while in the low 
index lines food efficiency would be greater after the 
age of selection because of the continued growth 
predicted in these lines. 
The high testis weight lines would be expected to have 
a greater ovulation rate than the low testis weight 
lines but not necessarily a greater litter size. 
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3. THE SELECTION EXPERIMENT. 
3.1 Experimental design 
The selection experiment was initiated by Williams 
(1984) who selected for 6 generations and maintained the 
lines for one generation without selection. The author 
took over the lines at generation 7 and selected for a 
further 5 generations. The lines of mice were selected 
for the following characteristics: 
High body weight (HX) 
Low body weight (LX) 
High testis weight (XH) 
Low testis weight (XL) 
High body weight, high testis weight (HH) 
Low body weight, low testis weight (LL) 
High body weight, low testis weight (HL) 
Low body weight, high testis weight (LH) 
Selection was practised only on males at 5 weeks of age 
and within family to reduce the influence of maternal 
effects. Each of the above selection lines was 
replicated and the 16 lines were grouped into four 
groups of four selected lines with a time lag of three 
weeks between each group within each generation so that 
the technical work load could be spread out. Each group 
consisted of two pairs of divergent lines and had its 
own unselected control line (CC). 
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The overall design of the experiment is shown below; 
Figure 3.1 	 Experimental Design 
Type of selection 
Single trait 	 Index 
Replicate 	1 	 2 	 1 	 2 
CC CC CC CC 
Lines 	HX HX HH HH 
LX LX LL LL 
XH XH HL HL 
XL XL LH LH 
Chronological 
Order 	1 3 2 4 
of groups 
3.2 Origins of the lines. 
The mice used to set up the lines were the progeny of 
crosses made between generation 3 and 4 random-bred 
control lines of the G strain, which itself originated 
from crosses between two inbred and one outbred strain 
of mice (Sharp, Hill and Robertson (1984)). 
Williams (1984) described the procedure used to start 
the lines which was the same for each of the four 
groups of 5 lines shown above and was as follows: 
Two sets of 12 pair matings were made between mice from 
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2 of the G-strain control lines. Within each set of 12 
pairs no more than one male and one female came from any 
one control line litter. Progeny of these matings formed 
generation 0 of this selection experiment. Each set of 
12 litters contributed to the formation of a pair of 
divergent selected lines: the "highest" male in each 
litter was selected to sire the first generation of the 
high line, and the lowest male in each litter was used 
to sire the first generation of the corresponding low 
line. The pairs of divergent lines were HX/LX and XH/XL 
in groups 1 and 3, and HH/LL and HL/LH in groups 2 and 
4. The females for mating were chosen randomly, one from 
each litter for each of the two lines. The control line 
in a group was begun with 12 randomly selected males and 
12 randomly selected females. Six of the males and 6 of 
the females came from 6 of the 12 litters used to supply 
one pair of divergent lines, and the other 6 of each sex 
came from 6 of the 12 litters used to supply the second 
pair of divergent lines in a group. The control mice 
were picked after the mice had been selected for the 
selected lines. This whole procedure was repeated 4 
times with an interval of 3 weeks between each repeat 
and in the chronological order shown in Figure 3.1. 
3.3 Selection 
The age at which body weight and testis weight should be 
measured was considered to be an important factor 
in determining the responses to selection in the present 
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experiment. The criteria to be met in choosing the best 
age at which to select were as follows: 
both traits should be growing rapidly 
the variability, both genetic and phenotypic, of 
each of the traits should be high to allow a large 
expected response 
the heritabilities of both traits should be high 
the genetic correlation between body weight and 
testis weight should be low to permit selection 
of the two traits in opposite directions 
the genetic correlation between testis weight and 
degree of maturity in body weight should be high 
the correlation between right and left testis 
weights should be high so that the weight of one 
testis could be used as a measure of total testis 
weight. 
From a study of 256 unselected mice aged between 0 and 9 
weeks, Williams (1984) collected information for 
criteria 1, 2 (phenotypic variation) and 6. Estimates of 
the genetic parameters for the two traits, body weight 
and testis weight, were obtained from the literature but 
the genetic correlation between testis weight and degree 
of maturity was unknown. From the results obtained fron 
her study and the literature it was decided that 
selection should occur at 5 weeks. At 5 weeks the 
coefficients of variation for body weight and testis 
weight were 0.17 and 0.26 respectively and the 
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phenotypic correlation between body weight and testis 
weight was 0.50. The phenotypic correlation between left 
and right testis weights was 0.99. 
Selection was within family on males only and was 
carried out at 5 weeks of age. Selection for high and 
low body weight alone and high and low testis weight 
alone was based on direct measurement of the relevant 
trait. In the double trait lines (NH, LL, HL and LH) 
selection was based on an index in which body weight and 
testis weight were each weighted by the reciprocal of 
their within family phenotypic standard deviation: 
I = W/6, 	T16 
where: 
I = index value 
W = 5 week body weight (g) 
T = 5 week testis weight (mg) 
6= within family phenotypic standard deviation 
* + for HH and LL lines, - for HL and LH lines 
a and c6 were estimated in generation 0 and were 1.82g 
and 8.9mg respectively, making the index I = 0.54W - 
0.112T (Williams 1984). The same index was used 
throughout the selection experiment. 
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3.4 Maintenance of the lines 
Eight pair matings were set up every generation for each 
line with 4 'spare matings per line in case any of the 
8 proved unsuccessful. The males were selected within 
family and the females were picked at random within 
family. The mating system used was the same as that 
employed by Falconer (1973) and designed to minimise 
inbreeding (Figure 3.2). 
Figure 3.2 	Mating system used throughout the 
selection experiment 
Family of origin 	New family number 
Male x 	Female 
1 x 2 1 
3 x 4 2 
5 x 6 3 
7 x 8 4 
2 x 1 5 
4 x 3 6 
6 x 5 7 
8 x 7 8 
Second 	1 or 2 x 2 or 1 	 9 The 
choice 	3 or 4 x 4 or 3 	 10 four 
males 	5 or 6 x 6 or 5 	 11 spare 
7 or 8 x 8 or 7 	 12 matings 
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In generations 1 - 8 the males remained with the females 
throughout pregnancy and until the litters were weaned. 
Thereafter the males were removed before birth as 
evidence of canabalism was thought to affect recorded 
litter size. 
At birth, litter size was adjusted to between 6 and 
10 pups per litter by adding or removing pups. Pups 
introduced to make up numbers were identified by toe 
clipping and were discarded at weaning. The pups were 
weaned at 3 weeks of age. 
At weaning, 8 of the 12 litters per line were kept 
and individual mice were identified by ear clipping. Six 
males and 2 females were kept from 8 litters per line 
and housed 6 to a cage until mating. Sexes were housed 
separately. 
The mice were mated at approximately 9 weeks of age, 
12 weeks after their parents were mated. 
The laboratory conditions throughout the experiment 
were: 
Temperature: 21C + 1C 
Relative humidity: 30 ±' 40% 
Feeding: B.P.'s rat and mouse No. 1 expanded 
maintenance diet ad libitum. 
Tap water ad libitum. 
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3.5 Data collection 
The routine data collected throughout the experiment 
were as follows: 
Generations 1 - 12 
- Body weight at 5 weeks of all mice 	in every 
generation. 
- Single testis weight at 5 weeks every generation in 
lines selected on testis weight or on an index including 
testis weight. 
- Testis weight at 5 weeks in all other lines in 
generations 0, 3, 6 and 11 only. 
- Litter size at birth in all lines every generation. 
Data collected for special studies are summarised below. 
The data collected in generation 3 and in generation 6 
for a study of relative maturity and of the growth 
curves respectively are presented and discussed by 
Williams (1984) in addition to the results of the first 
six generations of selection. The results of studies 
made in the following generations were undertaken by the 
present author and are described in more detail in the 
following sections. 
Generation 3 
- Body weight at .10 weeks of age of all males. 
Generation 6 
- Body weight at 3, 5, 7 and 9 weeks of age on entire 
males, castrated males and females. 
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Generation 7 
- No selection. 
Generation 8 
- Ovulation rate study on nulliparous females. 
Generation 10 
- Fat pad dissection study on males at 11 weeks. 
Generation 12 
- Last generation of selection. 
Generation 13 
- Growth curve study on entire and castrated males. 
- Food intake and food efficiency study on entire and 
castrated males. 
- Chemical carcass analysis on 5 and 17 week old entire 
and castrated males. 
Generation 13 and 14 
- Testosterone levels of 5 and 10 week old male mice. 
Generation 14 
- Sexual maturity study. 
3.6 Statistical analysis 
The main aim of the statistical analyses was to test the 
statistical significance of the direct and correlated 
responses to selection. The design was basically a 2 x 5 
cross classified experiment (2 replicates x 5 lines) 
nested within a main effect ("type of selection" i.e. 
single trait selection or index selection). The data 
collected throughout the experiment were analysed 
according to this design. 
Responses to selection in quantitative traits are 
subject to variability due to random genetic drift: the 
"response" seen in a selected line may be partly "real" 
in that repetition of the same selection procedure would 
produce the same result, and partly due to genetic 
sampling. Replication of the selected lines provides the 
means to estimate the variation resulting from genetic 
drift and the significance of the size of the responses 
to selection can be calculated by testing the 
variability of the responses amongst the selected lines 
against the variance due to drift which is expressed 
between the replicates of lines. 
In the present experiment each selected line was 
replicated. An estimate of the variance due to drift was 
made by combining the estimates of the drift variances 
between the replicates of each of the 10 lines (counting 
the control lines for the single trait lines separately 
from the controls for the index lines). This estimate 
allowed the error due to randon drift to be estimated 
with greater accuracy (with 8 degrees of freedom). In 
all the analyses the effects of selection were tested 
against a combined estimate of the error due to random 
drift which was expressed by the interaction between 
replicate and line in the analysis of variance described 
below. 
Harvey's mixed model least squares and maximum liklihood 
computer program (Harvey, 1977) was used to perform the 
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analyses of variance. The following model was fitted to 
each set of observations: 
Xghij = M + Tg + Rgh + Lgi + RLghi + eghii 
Xghii is an observation on the 5th individual in the hth 
replicate of the ith line within the gth type of 
selection. 
M 	is the overall mean. 
Tg 	is the effect of the gth type of selection, g = 1 
(single trait selection) or 2 (index selection). 
Rgh 	is the effect of the hth replicate nested within 
the gth type of selection, h = 1 or 2. 
Lgi 	is the effect of the ith line nested within the 
gth type of selection, i = 1 to 5. 
RLghi is the effect of the interaction of the hth 
replicate with the ith line within the gth type of 
selection and is interpreted as drift variance. 
eghii is the remainder. 
The model was changed according to the data being 
analysed: 
When observations were on more than one sex (growth 
curve data), the effects of sex and the interactions 
with sex were included: 
Xghiik = M + Tg + Rgh + Lgi + RLghi + Sk + SRghk + SLgih 
+ SRLghik + eghiki 
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where Sk is the effect of sex, 1 = males and 2 = 
castrate males. 
The overall standard error (SE) was calculated as 
follows for: 
individual replicates: SE = (MSremainder/nh) 0 
replicates pooled: SE = (MSdrift/nh2) 5 
linear 	contrasts an Long divergent 	lines, 
replicates pooled: SE = (MSdrift x (2/nh2)) 5 
MS is the mean square and nh is the harmonic mean of the 
number of individuals per class. 
3.7 Results of selection 
For completeness the results of the first 6 generations 
of selection are presented with the results of 
generation 8 to 12 conducted by the author. 
3.7.1 Selection differentials 
The selection differentials were calculated for body 
weight, testis weight, Index 1 (HH/LL) and Index 2 
(HL/LH) in all the lines for each generation except for 
those lines where testis weight was not measured each 
generation. The selection differential was calculated as 
the average deviation in the line between a selected 
male and his family (male) mean. Primary and secondary 
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selection 	differentials 	cumulated 	over 	the 	11 
generations of selection are presented in Table 3.1. 
There was no selection in generation 7 and the 
selection differential in this generation was assumed to 
be zero. The selection differentials for each generation 
are given in appendix 1. 
The primary selection differentials were of roughly 
equal magnitude in both replicates of each line with the 
exceptions of the high body weight (HX) and low testis 
weight (XL) lines. In the lines involving selection on 
testis weight the primary selection differentials were 
smaller in those lines with selection for low testis 
weight than in the corresponding high testis weight 
lines. 
Selection 	on 	the indices achieved the 	desired 
direction of pressure on both component traits. In the 
HH/LL lines the selection differentials on body weight 
and testis weight were similar to those achieved in the 
single trait selections while those selection 
differentials were smaller in the HL/LH lines. 
In general the selection differentials reflected those 
found after 6 generations of selection (Williams 1984) 
but had increased in magnitude by around two-fold. The 
most noticeable exception to this was the reduction, 
relative to that in generation 6, in the selection 




Selection differentials cumulated over 11 	generations 
of selection 
5 week 5 week 
Line Rep. Body weight Testis weight Index 1 Index 2 
(g) (mg) 
cc 1 1.0 
2 1.5 
HX 1 21.0 
2 15.2 
LX 1 -19.0 
2 -20.0 
XH 1 14.8 JJi. 21.1 -5.4 
2 11.0 96 16.8 -4.8 
XL 1 -10.6 -L -15.3 4.0 
2 -4.8 - -8.8 3.7 
CC 1 -0.9 
2 -2.2 
HH 1 16.1 104 20.6 -3.1 
2 20.5 89 21.2 1.1 
LL 1 -14.2 -66 -15.1 -0.1 
2 -18.5 -75 -18.5 -0.6 
HL 1 13.4 -8 6.4 8.8 
2 9.6 -42 0.5 9.7 
LH 1 -10.4 46 -0.6 -11.0 
2 -12.0 34 -2.8 -10.3 
Generations 1 - 6 and 8 - 12 
Figures underlined are the primary selection differentials. 
h-4a. 
3.7.2 Responses to selection 
The responses to selection for each replicate separately 
can be seen in Figures 3.1 - 3.5. The actual numerical 
values are shown in appendix 2. Figures 3.6 - 3.10 
present the responses to selection for the replicates 
pooled. Responses to selection expressed as differences 
between divergent lines and regressions on generation of 
selection are given in Table 3.2. The regressions were 
forced through the origin. In Table 3.2 the responses 
are also expressed in terms of within family phenotypic 
standard deviation (c). 
Responses averaged over replicates, in body weight, 
testis weight and Index 2 were greatest in the lines 
selected for these traits. Response in Index 1, however, 
was greatest in the single trait testis weight lines. On 
average the rate of direct response in testis weight, 
Index 1 and Index 2 has declined from that at generation 
6 but the response in body weight remains the same, 
0. 22T per generation. 
In the lines selected for Index 1 the response in body 
weight averaged over replicates was 0.16a per,  
generation, just over 2/3 that rate in the body weight 
lines, while in the Index 2 lines the response was 
slightly more than this. Response in testis weight in 
both index selections were of almost the same magnitude 
although opposite in direction and 3/4 that in the 
single trait testis weight lines. 
The 	lines with the largest direct responses to 
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Regression coefficients of Response on Generation; Responses expressed 
as deviations between divergent lines. 
5 week 	5 week 
Line Rep. Body weight Testis weight Index 1 Index 2 
mq units n units * 
HX/LX 1 0.44 0.24 2.28 0.26 0.52 0.31 0.02 0.02 
2 0.36 0.20 1.78 0.20 0.38 0.23 -0.02 -0.02 
XH/XL 1 0.60 0.33 4.91 0.55 0.87 0.52 -0.23 -0.21 
2 0.19 0.10 2.44 0.27 0.38 0.23 -0.17 -0.16 
HH/LL 1 0.14 0.08 2.50 0.28 0.35 0.21 -0.21 -0.20 
2 0.43 0.24 3.20 0.36 0.59 0.35 -0.13 -0.12 
HL/LH 1 0.36 0.20 -2.38 -0.27 -0.07 -0.04 0.46 0.43 
2 0.28 0.15 -2.77 -0.31 -0.16 -0.10 0.46 0.43 
* Response expressed in terms of the within family phenotypic standard '- 
in Generation 0 -: Body weight; 1.82g, Testis weight; 8.9mg, Index 1; 1.68, 
Index 2; 1.07. 
selection, in terms of standard deviations, were the 
HL/LH lines. 
Expressing the responses in testis weight and body 
weight for each selection criterion as deviations from 
their control line and per generation (Table 3.3) it can 
be seen that for the index lines the component traits 
responded in the appropriate direction except in the 
replicate 1 LL line where body weight increased. Both 
body weight and testis weight increased in the XH lines 
while body weight and testis weight decreased in the 
replicate 1 XL line but not in the replicate 2 line. 
3.7.3 Realised heritabilities 
The realised heritabilities of the selected traits were 
calculated 	from the regressions of 	response 	on 
cumulative selection differential. The regressions were 
forced through the origin as the selected lines came 
from the same base population. Response was taken as the 
difference in the mean litter mean between the divergent 
lines for the trait in question. 	The 	cumulative 
selection differential was the mean deviation of a 
selected male from the litter mean summed over 11 
generations (there was no selection in generation 7) and 
over the divergent lines. As the responses and selection 
differentials were expressed within family and since 
selection was on males only, the value given by twice 
the regression of response on cumulative selection 
differential 	was 	the 	realised 	within 	family 
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TABLE 3.3 
Regression coefficients of response on generation - 
response given as deviations from the control line 
Response in Response in 
body weight testis weight 
(g) (mg) 
Lines Replicate High Low High Low 
HX/LX 1 0.08 -0.37 1.60 -0.67 
2 0.30 -0.06 1.44 -0.34 
XH/XL 1 0.25 -0.35 2.93 -2.23 
2 0.32 0.13 1.61 0.29 
HH/LL 1 0.31 0.17 1.23 -0.21 
2 0.25 -0.18 3.44 -0.69 
HL/LH 1 0.31 -0.05 -0.47 2.11 
2 0.09 -0.19 -1.78 1.12 
4.4c 
heritability. 	Calculation 	of the overall realised 
heritability was done using the formula given by 
Falconer (1981): 
h 2 = h 2 ., (1 - t)/(l - r) 
where: h 2 ., = the within family heritability 
t = the intraclass correlation of full sibs 
r = 1/2 for full sib families 
The values of the intraclass correlations in the base 
population are shown in Table 3.4. 
Table 3.4 Intraclass correlations of full sibs 
Trait 	 Intraclass correlation 
5 week body weight (W) 	 0.60 
5 week testis weight (T) 	 0.54 
I = 0.54W + 0.112T 	 0.78 
I = 0.54W - 0.112T 	 0.70 
The within family heritabilities (h 2 ) and heritability 
(h 2 ) calculated for each replicate are presented in 
Table 3.5. The heritability estimates for the 
replicates pooled were calculated by regressing the mean 
response on the mean cumulative selection differential. 
These estimates are also shown in Table 3.5. 
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Table 3.5 	Realised within family heritabilities (h 2 4) 
and overall heritabilities (h 2 ) 
Trait Rep. h 2 ., h 2 
5 week 1 0.26 0.21 
,body weight 2 0.24 0.19 
pooled 0.26 0.21 
5 week 1 0.54 0.50 
testis weight 2 0.38 0.35 
pooled 0.48 0.44 
Index 1 1 0.22 0.10 
(I 	= 0.54W + 0.112T) 2 0.34 0.15 
pooled 0.30 0.13 
Index 2 1 0.54 0.32 
(I 	= 0.54W - 0.112T) 2 0.54 0.32 
pooled 0.54 0.32 
3.7.4 Realised genetic correlations 
The realised genetic correlation between 5 week body 
weight and 5 week testis weight was calculated from the 
direct and correlated responses in the single trait 
lines according to the formula: 
= (CR.I . CR)/(R., . Re.) 
where: r 2 = the realised genetic correlation 
CR4 
	
	the correlated response in body weight 
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with selection on testis weight 
CR 	the correlated response in testis weight 
with selection on body weight 
Rw = the direct response in body weight with 
selection on body weight 
R. = the direct response in testis weight with 
selection on testis weight. 
The responses were calculated as deviations 	among 
divergent line means and to incorporate information from 
more than one generation the correlation was calculated 
using regression coefficients of responses on generation: 
r. 2 = ( 	. 	) / ( 	. bRQ 
The regressions were forced through the origin. 
The correlated responses in testis weight were only 
measured in the body weight lines in generations 3, 6 
and 11 and consequently the regression of the correlated 
response of testis weight, with selection on body 
weight, on generation (bc0) was calculated using 3 
measurements while the other regressions were calculated 
using 11 measurements. There was no selection in 
generation 7 and it was not included in the 
calculations. The realised genetic correlations are 
presented in Table 3.6. 
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Table 3.6 	Realised genetic correlations 
Replicate 	Genetic correlation 
	
1 	 0.80 
2 	 0.62 
pooled 	 0.74 
3.7.5 Prediction of responses 
Using the realised genetic parameter estimates from the 
single trait lines the responses in body weight and 
testis weight expected in the index lines were 
calculated by the following procedures: 
Response, R, in the trait X, to selection on an index, 
I, is the product of the genetic regression of breeding 
value for X on the phenotype of I, and the selection 
differential on I: 
Rx = bxz . S1 
= 51 . cov(X,I)/V 1 
where cove = the genetic covariance. 
V9 = the phenotypic variance. 
The genetic covariance of X with I when I includes two 
traits is: 
cov(X,I) = b1V 	+ b2cov(X,Y) 
where V = the genetic variance. 
Therefore: 
Rx = (S1/V9 1) . ( biVx + b2cove(X,Y)) 
50 
With 	selection 	on 	only one sex 	the 	selection 
differential was halved: 
Rx = (S 1 /2V1) . (b1Vx + b 2cov(X,Y)) 
With two indices, each including two traits, there are 
four equations like the above, one for the response in 
each trait under selection on each index: 
Equation 3.1 
= (S 1 /2V 11 ) . ( 0.54V 	+ 0.112cov(W,T)) 
Equation 3.2 
R. 1 1 = ( S 11 /2V 11 ) . ( 0.54cov(W,T) + 0.112VeT) 
Equation 3.3 
R.12 = (S 12 /2V 12 ) . (0.54Vaq - 0.112cov.(W,T)) 
Equation 3.4 
RT.I2= (S 1 2/2V12) . (0.54cov(W,T) - 0.112V.T) 
where Ii = 0.54W + 0.112T 
and 	12 = 0.54W - 0.112T 
Using the estimates of the realised heritability and 
genetic correlation obtained in the single trait lines 
and the phenotypic variances estimated in the base 
population the genetic variances and covariances were 
calculated using equations 3.5 and 3.6. 
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Equation 3.5 
h 2 = 
Equation 3.6 
r = (cov(W,T))/(Vw . V,r) 0 
The expected responses in body weight and index weight 
in the index lines were calculated by substituting the 
appropriate values into equations 3.1 to 3.4. A summary 
of the responses and cumulative selection differentials 
among divergent lines is given in Table 3.7. The 
predicted responses pooled over replicates are shown in 
Table 3.8 along with the responses actually observed at 
generation 12 except for testis weight in the body 
weight lines where this was measured in generation 11. 
In addition to predicting the responses in the index 
lines based on estimates of the genetic parameters from 
the single trait selections the responses in the single 
trait lines were also predicted using estimates of the 
genetic parameters from the index lines as follows: 
Solving equations 3.1 and 3.3 and 3.2 and 34 as two 
pairs of simultaneous equations gave two estimates of 
the genetic covariance and one each for yew and VeT. 
From the responses in body weight to selection on the 
indices, yew = 0.75 and cove(W,T) = -0.26, and from the 
responses in testis weight to selection on the indices 
V = 31.3 and cove(W,T) = 0.88. 
The heritabilities of body weight and testis weight 
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TABLE 3.7 
Summary of responses among divergent lines and total cumulative selection 
differentials 
SELECTION ON: 
HX/LX 	XH/XL 	HH/LL 	 HL/LH 
SD RESP 	SD RESP 	SD RESP 	SD 	RESP 
OBSERVED RESULTS: 
Body weight (g) 37.6 	5.4 20.6 5.1 34.7 2.5 22.7 3.7 
Testis weight 	(mg) 20.2* 179.0 43.2 167.4 26.5 -64.8 -26.1 
I 	= 0.54W + 0.112T 4.1* 31.0 7.6 37.7 4.32 5.2 -0.92 
I 	= 0.54W - 0.112T -0.5* -8.9 -2.1 -0.7 -1.61 19.9 4.92 
* generation 11 response as testis weight was not measured in the body weight 
lines in generation 12. 
SD = the selection 	differential averaged over replicates. 
RESP = 	the 	response 	as high - low line divergence averaged over replicates 
Observed and predicted responses in 5 week body weight and testis weight 
RESPONSE IN: 
Body weight (g) Testis weight (tug) 
SELECTION ON: Expected Observed Expected Observed 
Body 	weights 8.3 5.4 _2.7e 	9.6* 20.2 
Testis weights 	_0.5 0  1.9* 5.1 69.8 43.2 
I 	= 0.54W + 0.112T2 6.4 2.5 44.1 26.5 
I 	= 0.54W - 0.112T -0.1 3.7 -17.0 -26.1 
the predicted responses based on parameters estimated in the single trait 
lines. 
2  the predicted responses based on parameters estimated in the index lines. 
@ used the estimate of the genetic covariance of W and T gained from the 
responses to body weight to selection on the indices, cov(W,T) = -0.26 
* used the estimate of the genetic covariance of W and T gained from the 
responses to testis weight to selection on the index lines, cov(W,T) = 0.88. 
and the genetic correlation between the two were 
calculated from the genetic parameter estimates obtained 
from the index selections using equations 3.5 and 3.6. 
These were then used to predict the responses in 5 week 
body weight and 5 week testis weight in the single 
trait lines using the following equations: 
Under single trait selection the direct response to 
selection, R, is: 
Rx = h 2 .  SX 
and the correlated response in Y to selection on X, CRY  
is: 
CRY = 	. h, . h . r(x.y) . VpW 
The predicted responses to selection in the single trait 
lines are presented in Table 3.8. 
3.8 Discussion 
The estimates of the realised heritabilities of 5 week 
body weight and 5 week testis weight in the present 
study were 0.21 and 0.44 respectively. These values 
differed 	little 	from those 	calculated 	after 	6 
generations of selection by Williams (1984). In her 
study the heritability of 5 week body weight was 0.19 
and that of 5 week testis weight was 0.44. The estimates 
of the realised genetic correlation between 5 week body 
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weight and 5 week testis weight were also similar in the 
two studies being 0.70 and 0.74. 
The pooling of the individual replicate estimates for 
the genetic parameters does dismiss replicate and line 
difference in these estimates. Calculations based on 
these pooled estimates may then result in poorer 
estimates of predicted correlated and direct responses. 
It may be that this process accounts for the 
discrepancies between the observed and expected direct 
responses in the single trait lines shown in Table 3.8. 
In theory the responses to selection against a 
genetic correlation are expected to be low and this has 
been shown in practice by Eisen and Bandy (1977) and 
Eisen (1978). 
In the present Index 1 lines, where selection was 
"with" the positive genetic correlation between 5 week 
body weight and 5 week testis weight, both the observed 
and predicted responses to body weight and testis weight 
(Table 3.8) were in the appropriate direction but the 
observed responses were approximately half that of the 
expected responses. On the other hand with the 
antagonistic selection in the HL/LH lines the realised 
responses in body weight and testis weight were smaller 
than the responses predicted using the estimated genetic 
parameters. 
These results may indicate that the parameters used in 
the calculations of predicted response were estimated 
with low accuracy, or that in the index lines the trait 
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described was not simply a combination of body weight 
and testis weight but possibly, as intended, "degree of 
maturity". If this were the case the trait body weight 
might have to be subdivided into its components; body 
composition and size, in order to estimate the 
correlations with testis weight and to understand the 
response to selection. 
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4. GROWTH CURVE STUDY 
4.1 Introduction 
The aim of the selection experiment was to investigate 
the effects of including testis weight in an index with 
body weight on the shape of the body weight growth 
curve. The results of the first 6 generations of 
selection (Williams 1984) suggested that animals 
selected for high testis weight in the index grew less 
after the age of selection than those selected for low 
testis weight. The actual role of the testis weight in 
this result however was brought into question as males, 
females and castrated males all showed similar changes 
in the shape of the growth curves. 
Although the growth curves had changed as a 
consequence of selection the magnitude of the response 
was small. This section presents the results of a study 
of the growth curves after a further 5 generations of 
selection. 
4.2 Materials and methods 
All of the first litters from each of the generation 13 
matings of all the lines were standardised to 7 pups 
including 6 male offspring where possible. All the male 
pups were identified by toe-clipping and weighed 
individually at birth, 7, 14 and 19 days. 
At 19 days half of the males in all the litters were 
castrated while the other half were "dummy" castrated, 
56 
i.e. subjected to all the surgical procedures involved 
in castration without the removal of the testes. The 
pups were returned to their dams until weaning at 21 
days. 
At weaning one entire and one castrated sibling were 
removed from each of 8 families per line for growth 
curve analysis. The animals for study were housed 2 per 
plastic cage for measurement throughout the period of 
study. The animals in a cage were of the same "sex, 
entire males or castrated males, and from the same line. 
In total 320 animals (2 sexes x B mice x 20 lines) had 
their weights recorded at 21, 26, 31, 36, 41, 46, 51, 
58, 65, 72, 79, 86, 93, 100, 107, 114 and 119 days of 
age, i.e.every 5 days from weaning until 7 weeks and at 
weekly intervals thereafter. 
4.3 Analysis of the growth curves 
The aim of the analysis was to compare differences in 
the shape of the growth curves among the selected lines. 
Two methods were employed. The first of these was to 
investigate the differences between divergent lines and 
see how these changed with age. An increase or decrease 
in the size of the difference between divergent lines 
with age was taken as evidence of a response in the 
shape of the growth curve. In order to compare the line 
differences directly across age the data were log 10 
transformed. 
The second method of analysing the responses in the 
57 
growth curve pattern was to compare the differences 
among the lines in the degree of maturity in body weight 
at a given age. In the present study the degree of 
maturity in body weight was defined as the body weight 
at age X expressed as a percentage of the body weight at 
107 days. 
4.4 Results 
4.4.1 Growth curves 
The growth curves of individual replicates of all the 
lines for both entire and castrate males are presented 
in Figures 4.1 - 4.8. Among the replicates the ranking 
in body weight at 119 days, the last body weight 
recorded in the study, was not entirely consistent. 
However in every case the high body weight line (HX) was 
heavier than the low body weight line (LX) and for all 
but the entire males of replicate 2 the high testis 
weight line (XH) was heavier than the low testis weight 
(XL) line. 
The low body weight index lines (LH and LL) were less 
heavy than their high body weight counterparts (HL and 
HH). The LH line was consistently lighter at 119 days 
than the LL line. For both entires and castrates in 
replicate 1 	HL was heavier than the HH while in 
replicate 2 	HH was heavier than the HL line in both 
sexes. In nearly all cases the control line (CC) lay 
between the divergent lines. 
Figures 4.9 - 4.12 show the effect, of pooling the 
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replicates within sex. Figures 4.13 - 4.16 show the same 
data expressed as a percentage of the appropriate 
control line value allowing comparison across lines. 
Fluctuations of the lines relative to the control (100%) 
indicate differences in growth rate among the lines and 
lines of different shape. 
In Figure 4.13 showing entire males of the single 
trait lines, the HX and LX lines on the graph run nearly 
parallel to the control line and each other. This 
indicates that the growth patterns of the CC, HX and LX 
lines are similar in shape and differ mainly in 
magnitude. The high testis weight line also runs fairly 
parallel to the control line in the figure while the 
low testis weight line (XL) converges towards the 
control showing that on average the mice in this line 
continued growing at a faster rate than those in the 
control line. The convergence of the XL line on the 
graph is not apparent in the castrate males (Fig 4.15). 
In this figure the single trait body weight graph lines 
diverge from each other because of the increased growth 
of the HX line. 
Figures 4.14 and 4.15 show the entire and castrate 
index selection lines respectively. For both entires and 
castrates it is evident that the low body weight, low 
testis weight (LL) graph lines converge to the control 
value while the low body weight, high testis weight 
(LH) graph lines diverge. This shows that there is 
proportionately more growth after the age at selection 
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in the LL selection line and proportionately less growth 
in the LH line after the age of selection compared to 
the control line. The high body weight, high testis 
weight (HH) graph line converges to the control while 
the high body weight, low testis weight (HL) graph line 
runs more parallel to the control. 
Tables 4.1 and 4.2 present the least squares means of 
log10 body weights for entire and castrated males 
respectively. These figures were obtained by running the 
first statistical model given on page 42 for each sex 
separately. 
Figures 4.17 and 4.18 present the linear contrasts 
among the least squares means of log10 body weight of 
divergent index lines from the age of selection onwards 
plotted against age. The actual values plotted for 
entires and castrates can be found in Table 4.3. The 
straight lines shown are the log 10 body weight 
divergences at 36, 41, 46, 51, 58, 65, 72, 79, 86, 93, 
100, 107, 114, and 119 days of age regressed on age. It 
can be seen that in both sexes the magnitude of the 
differences decreased in the HH/LL comparison while the 
differences among the HL/LH lines increased in size with 
age. The statistical significance of the contrasts at 
any age are given in Tables 4.3. The difference between 
the HH and LL lines in log 10 body weight was 
significant at 5 weeks (p < 0.01) and became less so 
with age as the lines converged. Conversely the 
differences between the HL and LH lines began as being 
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TABLE 4.1 
Log transformed body weights for entire males, replicates pooled. 
100 x Mean Log 1 . Body weight 
Age 
(days) 21 26 31 36 41 46 51 58 65 72 79 86 93 100 107 114 119 
Line 
CC 103.9 117.1 131.4 139.5 143.9 146.7 148.9 150.9 152.0 153.3 154.6 155.6 156.5 157.1 157.1 157.7 157.9 
MX 107.7 121.0 135.6 140.1 146.6 149.3 152.2 153.7 154.6 156.6 156.4 158.0158.1 158.8 159.7 159.9 160.1 
LX 101.7 115.9 128.5 133.7 136.9 142.4 145.6 147.7 149.7 149.5 150.5 152.4 153.1 153.5 154.4 154.9 155.0 
XH 107.3 120.7 132.8 140.0 146.6 150.0 150.6 154.2 155.8 156.2 158.2 159.3 158.4 159.7 161.1 161.7 161.8 
XL. 100.2 114.2 129.0 137.3 141.3 144.2 146.5 148.9 149.2 150.5 152.1 154.4 155.7 156.3 157.1 157.6 157.8 
CC 106.9 119.6 130.6 139.1 143.6 146.6 148.7 150.8 152.1 153.0 	154.2 155.0 155.3 156.2 156.8 157.9 158.2 
MM 110.4 123.6 138.9 146.0 149.7 152.3 152.5 155.4 156.6 156.6 158.5 158.1 159.7 159.9 160.4 161.3 161.3 
LL 102.5 116.9 128.6 136.9 141.8 144.5 145.9 148A 149.9 151.1 152.5 153.5 154.1 155.1 155.8 157.0 157.6 
ML 109.2 122.3 132.8 140.2 146.6 149.4 151.4 154.0 154.6 154.1 157.1 158.0 158.8 159.3 159.8 160.5 159.9 
LH 104.7 117.5 129.6 137.8 142.9 144.9 146.7 148.6 149.5 150.4 151.0 151.7 152.2 153.0 153.6 154.0 154.1 




Log transformed body weights of castrate males, replicates pooled. 
100 x Mean Log 1 . Body weight 
Age 
(days) 21 	26 	31 	36 	41 	46 	51 	58 	65 	72 	79 	86 	93 	100 	107 	114 	119 
Line 
CC 106.4 117.5 129.5 134.8 138.0 140.7 144.4 147.9 148.7 149.7 151.1 152.8 153.8 153.6 154.1 154.7 154.9 
HX 108.5 121.0 133.4 138.2 142.8 145.1 148.9 151.7 152.1 153.9 155.2 157.3 158.6 159.6 160.8 161.1 161.9 
LX 99.7 112.0 123.5 130.3 133.1 135.3 138.8 141.5 142.4 143.4 144.1 145.9 146.7 147.6 148.3 148.6 149.2 
XH 107.9 120.7 133.1 140.5 143.5 146.0 149.1 151.7 152.4 152.7 154.7 155.9 156.9 157.7 158.0 158.7 159.1 
XL 99.9 113.1 125.0 131.0 135.5 138.5 141.9 144.5 145.8 146.8 148.0 149.9 150.4 151.2 151.9 152.3 152.9 
cc 106.4 119.2 130.4 136.6 138.9 141.7 144.7 147.1 148.4 148.7 150.8 152.0 152.7 153.6 154.3 155.4 155.7 
HM 110.9 124.0 136.0 142.1 144.5 147.7 150.4 152.3.153.0154.2 155.3 155.o 156.4 157.2 157.6 157.8 158.6 
LL 101.9 114.3 125.0 131.3 134.9 138.1 141.1 143.9 145.6 146.4 148.1 149.4 150.6 149.8 152.4 153.7 154.5 
HL 107.7 120.4 129.8 138.0 142.1 145.3 148.4 150.6 150.3 152.6 152.8 154.6 155.5 156.2 156.8 158.0 157.9 
LH 102.8 114.6 126.1 133.0 136.3 138.9 140.8 145.0 144.4 146.2 147.1 148.0 148.3 148.1 149.5 150.4 150.3 
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Contrasts in Log. transformed body weights between divergent lines. 
ENTIRE MALES 100 x Mean 1oq1 Body weight 
Age 
(Days) 21 26 31 36 41 46 51 58 65 72 79 86 93 100 107 114 119 
Contrast 
HX - LX 5.97 5.04 7.07 6.45 9.67' 6.97- 6.61 5.98 4.91 7.13 5.85 5.63 5.05 5.31 526 4.98 5.10 
XII - XL 7.10 6.57 3.72 2.73 5.33 5.75 4.16 5.28 6.65 5.69 6.06 4.91 2.75 3.32 3.97 4.09 4.08 
HH - LL 7.84 6.76 10.21* 909_ 7.84 7.86 6.55 7.15 6.63 5.40 5.91 4.57 5.51 4.83 4.62 4.27 3.73 
0 HL - LII 4.56 4.81 3.21 2.40 3.63 4.53 4.75 5.33 5.13 3.71 6.09 6.27 6.61 6.31 6.25 6.47 5.85 
2- SE 3.99 4.34 4.64 3.97 3.16 3.04 3.39 3.37 3.42 3.39 3.91 3.86 4.10 3.80 3.45 3.74 3.81 
CASTRATE MALES 
HX - LX 8.88 8.96- 9.91 7•94* 9.76' 9.7890.11 0 10.18' 9.70'1O.47'.11.19'11.44'11.83'11.99'12.49'12.49'12.73' 
XII - XL 7.98 7.59 8.12* 9.53$ 7.95* 7.49* 7.19* 7.24* 6.52* 5.90* 6.67* 6.06* 6.47* 6.53* 6.07* 6.36* 6.16* 
HH - LL 9.03. 9.6710.96'10.81' 9.64' 9.60' 9.35' 8.36' 7.40 , 7.79' 7.27• 5.58 5.71 7.44' 5.21- 4.09 4.13 
HL - LII 4.87 5.80 3.65 5.03 5.84 6.44- 7.61- 5.58 5.91 6.44- 5.70 6.61- 7.19' 8.11' 7.33' 7.61 7.64 
SE 4.05 4.16 3.83 3.46 3.30 3.10 2.96 2.93 2.87 2.33 2.76 2.78 2.53 2.51 2.57 2.76 2.77 
* p < 0.05 	$ p < 0.01 
non significant but became significant with time as the 
magnitude of the difference increased. In Figures 4.14 
and 4.16 it can be seen that the increasing divergence 
between the Index 2 lines was due mainly to the 
decreased growth rate in the LH line alone and did not 
involve a simultaneous increased growth rate in the HL 
line. 
4.4.2 Relative maturity 
Differences among lines in their degree of maturity in 
body weight were investigated and used as evidence of 
differences in shape of the growth curve. Tables 4.4 and 
4.5 give the body weights of entire and castrate males, 
respectively, expressed as percentages of their 107 day 
weight. The linear contrasts among divergent lines are 
presented in Table 4.6. There were no significant 
differences in the degree of maturity in body weight 
between the entire mice selected for body weight 
although in general the high body weight lines were more 
mature than the low body weight lines. The single trait 
high testis (XH) line was more mature in body weight 
than the low testis weight line (XL), and significantly 
so at 65 and 79 days of age. None of the differences 
among the divergent single trait lines were significant 
in the castrate males. 
Linear contrasts among the Index 1 lines (HH/LL) in 
degree of maturity were significant at 46, 51, 58 and 65 
days in the entire males and at 31, 36, 41, 46, 51, 72 
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TABLE 4.4 
Least squares means of percent maturity in body weight. 
Entire males, replicates pooled. 
Body weights as a percentage of 107 day weight 
Age 
(days) 21 	26 	31 	36 	41 	46 	51 	58 	65 	72 	79 	86 	93 	100 
Line 
CC 29.6 40.0 55.6 66.8 73.9 78.9 82.8 86.8 88.9 91.6 94.5 96.6 98.5 100.1 
HX 30.5 41.5 58.2 64.8 74.3 78.9 84.3 87.2 89.0 93.2 92.9 96.3 96.5 98.1 
LX 29.9 41.6 55.5 62.7 67.3 75.9 81.7 85.7 89.8 89.4 91.6 95.5 97.0 98.0 
XH 29.2 39.7 52.3 62.6 71.8 77.5 78.9 85.4 88.6 89.6 93.5 95.9 94.6 97.0 
XL 27.2 37.5 52.8 63.6 69.6 74.4 78.4 82.9 83.6 86.1 89.2 93.9 96.7 98.2 
CC 32.0 42.8 55.1 67.0 74.0 79.3 83.1 87.3 89.9 91.8 94.2 96.0 96.7 98.7 
HH 31.7 43.3 61.2 72.1 78.1 83.0 83.7 89.2 91.6 91.9 95.6 95.1 98.3 98.9 
LL 29.6 41.1 53.9 64.9 72.6 77.1 79.8 84.2 87.4 90.0 92.8 95.0 96.3 98.4 
HL 31.5 43.1 55.4 65.0 74.2 78.8 82.8 87.5 88.8 88.5 93.9 96.0 97.8 98.9 
LH 32.7 43.9 58.1 70.1 78.5 81.9 85.5 89.4 91.0 92.9 94.2 95.9 97.0 98.8 
SE 1.9 2.9 3.9 3.8 2.9 1.8 1.3 0.9 1.2 2.3 1.3 1.1 0.8 0.8 
TABLE 4.5 
Least squares means of percent maturity in body weight. 
Castrate males, replicates pooled. 
Body weight as a % of 107 day weight 
Age 
(days) 21 26 31 36 41 46 51 58 65 72 79 86 93 100 
Line 
CC 33.7 42.2 57.0 64.6 69.3 73.5 80.1 86.8 88.4 90.4 93.2 97.0 99.3 99.1 
HX 30.1 40.1 53.3 59.7 66.3 69.8 76.2 81.2 82.0 85.5 88.1 92.4 95.0 97.3 
LX 32.9 43.7 57.0 66.3 70.6 74.4 80.5 85.6 87.3 89.5 90.8 94.6 96.5 98.4 
XII 31.8 42.6 56.6 67.1 71.8 76.1 81.5 86.7 88.0 88.6 92.8 95.4 97.6 99.4 
XL 30.5 41.3 54.1 62.2 68.9 73.8 79.7 84.5 87.0 88.9 91.5 95.4 96.7 98.3 
CC 33.3 44.6 57.9 66.6 70.3 74.8 80.3 84.7 87.4 88.1 92.3 94.8 96.3 98.4 
HH 34.5 46.6 61.3 70.4 74.3 79.8 84.9 88.6 90.0 92.6 95.0 94.4 97.2 99.1 
LL 31.5 41.9 53.7 62.0 67.0 72.1 77.2 82.5 85.7 87.3 90.6 93.5 96.1 94.5 
HL 32.5 43.9 54.5 65.2 71.4 76.9 82.5 86.7 86.4 90.8 91.5 95.0 97.1 98.6 
LH 34.3 45.1 58.9 68.6 73.9 78.5 82.3 90.3 89.2 92.6 94.8 96.6 97.3 97.3 
SE 1.5 1.8 1.8 2.2 2.1 2.3 2.7 2.4 2.2 1.8 1.4 1.3 0.6 2.0 
TABLE 4.6 
Linear contrasts in maturity in body weight between divergent lines. 
Entire males, replicates pooled. 
Age 
(days) 21 26 31 36 41 46 51 58 65 72 79 86 93 100 
Contrast 
HX - LX 0.58 -0.02 2.67 2.10 6.92 3.02 2.57 1.42 -0.77 3.77 1.24 0.81 -0.48 0.13 
XH - XL 2.00 2.22 -0.47 -1.00 2.27 3.09 0.57 2.50 4.99 3.54 4.28 2.03 -2.19 -1.21 
HH - LL 2.10 2.21 7.28 7.16 5.54 5.93 3.88 5.02 4.13 1.86 2.80 0.16 2.00 0.50 
HL - LH -1.17 -0.79 -2.69 -5.04 -4.24 -3.11 -2.66 -1.90 -2.23 -4.41 -0.34 0.03 0.09 0.14 
SE 2.66 4.05 5.52 5.35 5.15 2.53 1.86 1.27 1.72 3.28 1.90 1.51 1.68 1.11 
Castrate males, replicates pooled. 
HX - LX -2.74 -3.58 -3.63 -6.56 -4.34 -4.57 -4.30 -4.36 -5.33 -3.98 -2.65 -2.26 -1.45 -1.15 
XH - XL 1.35 1.31 2.43 4.91 2.89 2.29 1.86 2.16 0.96 -0.31 1.28 -0.01 0.91 1.06 
HH - LL 2.98 4.71 7.62 8.39 7.28 7.71 7.71 6.14 4.34 5.33 4.38 0.95 1.07 4.62 
HL - LH -1.81 -1.19 -4.46 -3.38 -2.43 -1.59 0.23 -3.57 -2.78 -1.83 -3.28 -1.54 -0.29 1.35 
SE 2.13 2.60 2.57 3.07 2.95 3.24 3.75 3.33 3.10 2.60 2.04 1.81 0.88 2.80 
and 79 days in the castrate males. The high testis 
weight line (HH) was the more mature throughout. The 
high testis weight line in the Index 2 line comparison 
(LH), was also more mature than the low testis weight 
line (HL) for both sexes. 
Pooling over replicates and sexes, there is seen to 
be less variation in relative maturity at a given age 
among the single trait lines (Figure 4.19) than there is 
among the index lines (Figure 4.20). 
4.5 Discussion 
The results of both of the above analyses show that 
inclusion of testis weight together with body weight in 
the growth curve indices does alter the pattern of 
growth. That castration does not affect this result 
indicates that the presence of the testes beyond 19 days 
of age is not necessary to effect an altered growth 
curve shape. 
Selection for high testis weight in the index reduces 
growth rate after the age of selection. Selection for 
low testis weight in an index has a less pronounced 
effect. In the LL line the growth rate after selection 
increased while in the HL line it did not. 
There were no predictions as to how the single trait 
line growth curves should behave although the curves 
were expected to alter in magnitude at least. The single 
trait lines which did differ in growth rate after the 
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line (XL) in the entire males, and the high body weight 
line in the castrate males (HX), both of which grew at a 
greater rate than the relevant control. The increased 
later growth rate in the HX line in the castrate males 
compared to that in the entire males was very marked. 
Comparison of the single trait body weight line 
(HX) (Figure 4.13) with the high body weight index lines 
(HH and HL) ( Figure 4.14) shows that the inclusion of 
high testis weight causes the growth rate to decline 
after the age of selection in the HH line while in the 
HL line the graph is similar to that for the HX line. 
The graphs in Figure 4.16 for castrated mice of the high 
body weight index lines are similar to the graphs in 
Figures 4.14 for the entire males. However the castrate 
mice of the HX line show an increased growth rate 
(Figure 4.15) compared to the growth of entire mice of 
the same line (Figure 4.13). 
The influence of selection for testis weight with 
selection for low body weight in entire and castrated 
males respectively is clearly seen by comparing the LX 
lines in Figures 4.13 and 4.15 with those in Figures 
4.14 and 4.16 respectively; again selection for high 
testis weight (LH) has reduced the rate of growth after 
the age of selection while the selection for low testis 
weight (LL) has increased the rate of growth. 
Comparison of the present study with that conducted 
in generation 6 (Williams 1984) shows that the findings 
were generally in agreement in that the high testis 
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weight index lines were more mature in body weight and 
grew less after the age of selection than the low testis 
weight lines. Tables 4.7 and 4.8 compare the results 
obtained from the contrasts among divergent lines in 
log 10 body weight in generations 6 and 13. In general 
the differences among the divergent lines are greater in 
generation 13 except for those in the HL - LH 
comparison. As seen in Figure 4.21 the changes, in the 
differences between divergent lines, with age are very 
similar i.e. the graphs for the generation 6 and 
generation 13 data are largely par7?allel. 
Comparisons among the relative maturity figures for 
generations 6 and 13 (Tables 4.9 and 4.10) show that at 
6 weeks all of the lines of both sexes have become more 
mature in body weight except for the entire LX line. 
However expressing the relative maturity values for the 
lines as a percentage of the appropriate control value 
to account for the general increase in maturity 
regardless of selection, the only line making progress 
in the desired direction was the LL line in the castrate 
group. Relative to its control the LL line had become 6% 
less mature in body weight at 6 weeks. 
It may be that correlated changes in body composition 
as a result of selection influence the shape of the 
growth curve. As described in the literature review, 
animals which are later maturing tend to be less fat at 
a given age before maturity than early maturing animals. 
The last tissue in the body to develop is the fat. Fat 
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TABLE 4.7 
Linear contrasts in body weight between divergent lines 
for generations 6 (Williams 1984) and 13 in entire males. 
-100 x log10 Body weight 
3 6 90 12S 156 
Contrast Gen. weeks weeks weeks weeks weeks 
HX - LX 6 4.80 7.14* 6.14* 6.58 6.76 
13 5.97 9.67** 4.91 5.63 5.26 
XH - XL 6 4.15 5.12 3.11 2.14 2.23 
13 7.10 5.33 6.65 4.91 3.97 
HH - LL 6 6.22 7•30* 5.15 4.76 2.78 
13 7.84 7.84* 6.63 4.57 4.62 
HL - LH 6 7.28* 7.41* 8.49* 8.80* 930* 
13 4.56 3.63 5.13 6.27 6.25 
SE 6 2.88 3.01 2.57 2.85 3.02 
13 3.99 3.16 3.42 3.86 3.45 
+ 41 days in the gen. 13 study 
65 days in the gen. 13 study 
86 days in the gen. 13 study 
& 107 days in the gen. 13 study 
TABLE 4.8 
Contrasts in body 	weight between divergent lines for 
generations 6 (Williams 1984) 	and 13 	in castrate males. 
100 x Log Body weight 
3 6- 90 122 l5 
Contrast Gen. 	weeks weeks weeks weeks weeks 
HX - LX 6 3.78 5.89 5.92 7.76* 9.12* 
13 8.88* 9.76** 970** 11.44** 12.49** 
XH - XL 6 3.33 4.28 2.85 1.88 1.65 
13 7.98 795* 6.52* 6.06* 6.07* 
HH - LL 6 5.58 6.73 5.76 4.98 4.17 
13 903* 9.64** 7•40* 5.58 5.21* 
HL - LH 6 6.57 5.76 5.57 754* 8.50* 
13 4.87 5.84 5.91 6.61* 733** 
SE 6 2.99 3.13 2.67 2.96 3.14 
13 4.05 3.30 2.87 2.78 2.57 
+ 	41 days in the gen. 13 study 
65 days in the gen. 13 study 
2 	86 days in the gen. 13 study 
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Relative maturity in body weight at 6 weeks of age at 
generation 6 (Williams 1984) and 13. 
ENTIRE MALES 
Generation 6& 	 Generation 13 
Line 	 % of control 	 % of control 
CC 70.8 73.9 
HX 69.6 98.3 74.3 100.5 
LX 69.2 97.7 67.3 91.1 
XII 71.5 101.0 71.8 97.2 
XL 66.9 94.5 69.6 94.2 
CC 69.9 74.0 
HH 74.6 106.7 78.1 105.5 
LL 67.4 96.4 72.6 98.1 
HL 70.3 100.6 74.2 100.3 






= Body weight at 6 weeks/Body weight at 15 weeks x 100% 
= Body weight at 41 days/Body weight at 107 days x 100% 
4-d 
TABLE 4.10 
Relative maturity in body weight at 6 weeks of age at 
generation 6 (Williams 1984) and 13. 
CASTRATE MALES 
Generation 6 	 Generation 13 
Line 	 % of control 	 % of control 
CC 62.1 69.3 
HX 62.3 100.3 66.3 95.7 
LX 67.2 108.2 70.6 101.9 
XH 64.0 103.1 71.8 103.6 
XL 60.2 96.9 68.9 99.4 
CC 63.3 70.3 
HH 67.7 107.0 74.3 105.7 
LL 64.1 101.3 67.0 95.3 
HL 62.2 98.3 71.4 101.6 
LH 66.1 104.4 73.9 105.1 
SE 0.86 2.09 
= Body weight at 6 weeks/Body weight at 15 weeks x 100 
e = Body weight at 41 days/Body weight at 107 days x 100% 
deposition occurs once all the other functionally more 
important tissues such as bone and muscle are 
established. In early maturing animals fat growth occurs 
at an earlier age compared to later maturing animals and 
in the later maturing animals fat is still being 
deposited when growth has largely ceased in early 
maturing animals. The role of the delayed growth of fat 
in later maturing animals and its possible involvement 
in the apparent changes in shape of the growth curve 
will be investigated in the following chapter. 
Growth curve functions were not used in this study of 
the growth curves of the selected mice for the reasons 
given in the literature review. Growth functions are 
however useful for the understanding of growth and of 
what is necessary for a change in shape of the growth 
curve as compared to that required for a change in 
magnitude. From the generation 6 and 13 comparison it 
would appear that while scope existed for the height 
(adult weight) and breadth (time to reach adult weight) 
of the growth curve to change under selection, the 
amount of "play" in the system in terms of rn, the 




The inclusion of testis weight in the indices, 
particularly in combination with low body weight, 
altered the shape of the growth curves. High testis 
weight reduced the amount of growth after the age of 
selection while low testis weight increased the amount 
of growth after the age of selection. 
the presence of the testes after 19 days of age was 
not necessary to effect changes in the shape of the 
growth curve. 
Variation in the shape of the curves was almost 
exhausted after 6 generations of selection as further 
changes in the shape of the growth curves were small. 
Changes in the pattern of growth of fat tissue may 
explain differences in the pattern of growth. 
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5. BODY COMPOSITION 
5.1 Introduction 
Sucessful selection to change the shape of the growth 
curve necessarily alters the proportion of adult body 
weight achieved at the point of inflexion of the growth 
curve i.e. the degree of maturity in body weight at 
inflexion. McClelland, Bonaiti and Taylor (1976) and 
Butterfield (1983) have shown that at any given degree 
of maturity in body weight the variation in body 
composition in sheep is not large compared to that at a 
given age. It was expected therefore that at a given age 
the present lines of mice would differ in carcass 
composition. 
In addition to its role in altering the degree of 
maturity in body weight in our lines, testis weight may 
also determine differences in the testosterone levels at 
a fixed age. Testosterone is an anabolic steroid and has 
been shown to affect carcass composition. The effects of 
differing endogenous levels of testosterone may be 
investigated among entire males of different lines, 
assuming that testis weight affects testosterone 
levels, while the effect of the testes per se could be 
investigated by castration. 
The phenotypic correlation between testis weight and 
plasma testosterone in pigs was reported by Schinkel 
(1985) and Gray (1971), and the estimates ranged from 
0.2 to -0.3. The differences in the direction of these 
correlations may reflect differences in the degree of 
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maturity 	in 	the boars at measurement as plasma 
testosterone levels increase to puberty and decline with 
age thereafter while the testes continue to grow (Gray 
1971, Jean - Faucher 1975). Gray (1971) estimated the 
phenotypic correlation between testosterone and backfat 
depth to be 0.28 and Andresen (1976) found higher levels 
of testosterone in boars selected for low rate of gain 
and high backfat compared to animals selected for the 
converse combination of these traits. 
While the correlations given above indicate that an 
increase in testosterone would increase fatness, it has 
been clearly shown that in the almost complete absence 
of testosterone achieved by castration, fat percentage 
in livestock carcasses increases. 
In the present chapter, 	two carcass composition 
studies are reported. The first was a preliminary study 
on unselected 	entire and hemicastrated males at 11 
weeks of age in generation 10, while the main study 
involved both entire and castrated males from generation 
13. In the first study, body fat pads were measured as 
indicators of fatness. Rogers and Webb (1979) have shown 
that the gonadal fat pad (GFP) weight to body weight 
ratio is highly correlated with the proportion of total 
body fat in the mouse. In addition the hind limb fat pad 
(HLFP) was dissected out along with the interscapular 
brown adipose tissue (BAT) and one of the testes. BAT 
has been put forward by Rothwell and Stock (1979) as an 
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effector of diet induced thermogenesis and of importance 
in resistance to obesity. The dry weight of this tissue 
was used in the first study of carcass composition, as 
an indicator of its thermogenic capacity. The testis was 
weighed and expressed as a ratio to body weight in order 
to investigate possible relationships between testicular 
size and fatness. 
The aim of the studies on carcass composition was to 
investigate the effects of selection to bend the growth 
curve on carcass composition and possibly to explain the 
small changes in the shape of the curves in terms of fat 
tissue growth. 
5.2 Materials and Methods 
5.2.1 Preliminary study: Fat Pad Dissection 
In generation 10 unselected male mice from each of 
the selected lines were removed from the stock cages at 
11 - 12 weeks of age, killed by cervical dislocation and 
weighed. With the exception of those mice from the 
control and the high and low body weight lines all of 
the animals had been hemicastrated at 5 weeks to 
facilitate selection. There were 12 mice from each line, 
one from each of the 12 families where possible. 
The gonadal fat pad(s) (GFP), hind limb fat pads 
(HLFP), interscapular brown adipose tissue (BAT) and the 
testicle(s) were dissected out. In the eventuality that 
some of the GFP had been removed at hemi-castration, 
only that GFP attached to the remaining testis was 
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measured. All of the tissues were placed on moistened 
filter paper in covered petri dishes and weighed after 
the day's dissections were complete. 
Interscapular BAT was weighed wet, subjected to ether 
extraction of fat and oven dried. 
5.2.2 Main study; Chemical Carcass Analysis 
Entire 	and castrate mice from generation 13 were 
sacrificed at 5 weeks and 17 weeks of age and the whole 
carcass was subjected to chemical analysis to determine 
percentage carcass composition. 
The mice sacrificed at 5 weeks came from stock cages, 
while those sacrificed at 17 weeks had been reared in 
plastic food intake cages with 2 animals per cage and 
were those involved in the growth curve study described 
in Chapter 4. 
All the animals were weighed before sacrifice and 
frozen at -18C until required for freeze drying which 
was kindly carried out at the East of Scotland College 
of Agriculture. The mice were weighed immediately before 
and after freeze drying and the percentage moisture was 
calculated. The contents of the alimentary tract were 
not removed at slaughter. 
Four freeze dried mice from each line and sex (entire 
or castrate) and at each age were ground up and 
thoroughly mixed. Chemical analysis on redried samples 
was kindly carried out by staff of the AFRC Poultry 
v1J 
Research 	Centre at Roslin. 	Fat was extracted by 
petroleum ether in a Soxhiet extraction apparatus and 
determined by weight. Nitrogen (N) content was 
determined by the Kieldahl procedure and protein content 
was estimated as 6.25 N. Weight of sample after 16 hours 
at 500C gave ash content. Both protein and ash 
determinations were made on fat free samples. 
5.3 Results 
5.3.1 Results of preliminary dissection study 
The 	line means for replicates pooled and 	linear 
contrasts among divergent lines for 11 week body weight, 
the dissection traits, GFP weight, HLFP weight, wet and 
dry BAT weight and testis weight, and their ratios to 
body weight are presented in Table 5.1. Table 5.2 gives 
mean squares in the analysis of variance. 
With respect to differences in fatness among the 
lines only the divergent selection lines for Index 2 
(HL/LH) differed significantly (Table 5.3) in absolute 
GPF and HLFP weights and in GFP weight expressed 
relative to body weight. The HL line was the fattest of 
all the selection lines assuming that the fat pads used 
were good indicators of total body fat. This line also 
had the lowest testis weight to body weight ratio at 11 
weeks of age. The HX line was fatter than the LX line 
for both fat pads but in the single trait testis weight 
lines the differences between the lines were small and 
not consistent in direction for both fat pads. The HH 
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TABLE 5.1 
Generation 10 Dissection data on 11 weeks old male mice, replicates pooled. 
Least squares means 
Wet Dry Wet 
Line 11 week GFPWt HLFPWt BAT BAT TWt GFPWt/BWt HLFPWt/BWt BAT/BWt Dry BAT/BWt TWt/BWt 
Bwt 	(g) (mg) (mg) (mg) (mg) (mg) (ing/g) (mg/g) (mg/g) (mg/g) 	x 	100 (mg/g) 	x 	10 
CC 34.5 316 502 106 11.9 98 9.04 14.4 3.07 34.6 28.5 
44 HX 37.3 360 514 110 11.9 120 9.70 14.0 2.97 32.2 32.1 
LX 30.6 279 420 91 11.2 79 9.02 13.6 2.96 36.9 26.0 
XH 37.9 364 550 132 13.5 141 9.52 14.4 3.45 35.5 37.2 
XL 34.8 318 512 117 12.9 79 9.02 14.5 3.32 37.0 22.8 
CC 34.0 290 477 93 11.1 89 8.49 14.1 2.75 33.1 26.0 
HH 36.3 263 432 94 12.5 142 7.26 11.9 2.58 34.7 39.3 
LL 33.7 255 376 90 10.8 87 7.42 11.0 2.63 32.2 25.9 
HL. 37.2 398 603 138 11.9 81 10.52 16.1 3.64 32.1 21.5 
LH 31.9 245 407 84 11.3 125 7.63 12.7 2.64 35.6 39.2 
SE 1.6 42 55 13 0.8 7.8 0.97 1.3 0.30 2.2 2.0 
BWt = Body weight, 	TWt = Testis weight, GFPWt = Gonadal fat pad weight, HLFPWt Hind 	limb fat pad, 
BAT = 	Brown adipose tissue 
TABLE 5.2 
Analysis of variance table for generation 10 dissection traits 
Mean Squares 
Source 	df 	11 week BWt 	GFPWt 	HLIFPWt 	TWt 	GFPWt/BWt 	HLFPWt/BWt. 	TWt/BWt 
Types 1 9.3 81074*t 97445* 87 58.7** 63.0* 0.67 
R/T1 1 3.3 12074 220197 18201** 11.6 185.8 12.76** 
R/T2 1 5.8 31956 101 572 14.7 0.6 0.55 
L/T1 4 198.8 30229 55067 17480** 2.6 3.3 7.27* 
L/T2 4 111.3 93614 188386 17655** 43.5 93.1 16.53** 
(RxL)/Tl 4 59.9 25568 108620 1944 17.3 68.9 1.35 
(RxL)/T2 4 63.7 59658 32817 922 27.7 10.7 0.53 
Individuals 238 
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and LL lines were both leaner than the other index 
selection lines and again the directions of the 
divergences were different for each fat pad. The HH line 
had the greatest testis weight/body weight ratio of the 
index lines. There was a negative relationship between 
the least squares means of GFPWt/BWt and TWt/BWt. 
There were no significant differences among the 
divergent lines in dried BAT per se or in its ratio to 
body weight. 
5.3.2 Results of Chemical Carcass Analysis 
The values of the components of whole body composition 
for each sample of 4 mice for each replicate are given 
in Appendix 3 for 5 week entire, 5 week castrate, 17 
week entire and 17 week castrate animals. Tables 5.4 and 
5.5 present the average replicate values for body 
weight, percentage moisture (% M), percentage fat (¼ F), 
percentage protein (¼ P) and percentage ash (¼ A) 
content of the samples for 5 and 17 week old animals 
respectively. For all of the samples the percentage 
composition results in Appendix 3 were adjusted to make 
them total 100% in Tables 5.4 and 5.5. 
At 5 weeks the high body weight line was the fattest 
of the single trait selection lines and the low body 
weight line was the leanest and in the index lines the 
LL line was the least fat while the HL line was the 
fattest. At 17 weeks of age the HX line was leaner than 
the LX line in the entire male study but in the castrate 
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TABLE 5.4 
Percentage carcass composition of 5 week old 	males 
Entire males Castrate Males 
Line BWt 
(g) 
%M %P %A BWt. %M %F %P 
CC 
(g) 
24.8 70.2 8.64 18.4 2.82 22.5 69.7 9.76 17.9 2.67 
HX 27.4 69.8 9.42 18.1 2.66 25.8 69.4 9.76 18.2 2.63 
LX 22.4 70.4 7.75 19.3 2.57 21.7 70.7 7.40 19.0 2.90 
XH 28.7 70.1 8.81 18.5 2.62 25.0 70.1 8.71 18.5 2.70 
XL 22.8 70.0 8.20 18.8 2.97 20.8 69.5 9.19 18.5 2.83 
cc 23.5 69.8 8.38 18.8 3.05 22.2 69.7 9.77 18.0 2.48 
HH 27.5 71.4 7.65 18.5 2.45 25.6 70.9 8.28 18.4 2.48 
LL 24.7 70.8 7.40 18.9 2.93 21.5 70.8 7.84 18.7 2.59 
HL 27.9 70.0 9.26 18.3 2.53 23.6 70.6 9.79 17.2 2.39 
LH 24.7 70.5 8.17 18.5 2.86 22.1 70.7 8.55 18.4 2.39 
SE 0.7 0.2 0.21 0.1 0.07 0.6 0.2 0.28 0.2 0.06 
BWt = body weight, % M = percentage water, % F = percentage fat, % P = percentage 
protein, % A = percentage ash 
TABLE 5.5 
Percentage carcass composition of 17 week old males 
Entire males Castrate males 
Line BWt %F %P %A BWt ZM %P 
CC 
(g) (g) 
3.05 38.0 62.5 14.8 19.9 2.84 35.8 60.0 17.5 19.4 
HX 40.2 62.9 13.5 20.3 3.31 42.6 54.8 23.9 18.3 3.02 
LX 35.5 62.1 15.2 20.1 2.59 31.1 62.3 15.6 19.2 2.90 
XH 41.6 65.6 10.6 20.5 3.27 38.6 61.0 15.8 20.0 3.20 
XL 37.8 60.9 16.2 19.8 3.11 33.3 58.3 19.5 19.1 3.10 
CC 37.4 63.0 12.9 20.8 3.35 35.4 54.9 23.8 18.4 2.97 
HH 40.2 64.6 10.8 21.2 3.44 37.7 61.7 15.0 19.9 3.37 
LL 37.3 61.1 15.0 20.5 3.44 34.7 56.5 21.4 19.0 3.17 
HL 39.3 61.0 15.3 20.3 3.42 38.2 58.5 19.0 19.4 3.16 
LH 35.4 63.9 11.9 20.6 3.60 31.3 60.3 16.2 20.1 3.43 
SE 0.6 0.5 0.6 0.1 0.10 1.1 0.9 1.1 0.2 0.05 
BWt = body weight, % M = percentage water, % F = percentage fat, 	% P = percentage 
protein, % A = percentage ash 
male study the HX line was much the fattest of all the 
single trait lines. In both sexes the XL line animals 
were fatter than the XH line at 17 weeks. The HH line 
was the leanest of the index lines with the HL and LL 
lines being the fattest at 17 weeks in the entires and 
castrates respectively. 
Graphs of percentage fat content for all lines, 
replicates pooled, are shown in Figs. 5.1 and 5.2. In 
these graphs it is clear that, for both sexes, selection 
for low testis weight results in increased percentage 
fat with age relative to selection for high testis 
weight. 
From Figs 5.1 and 5.2 it can be seen that the amount 
of fat in the castrate animals at 5 and 17 weeks was 
greater than that in the entire mice of the 
corresponding line and age. At 5 weeks the ranking of 
the index lines does not differ between the entire and 
castrated mice at 5 weeks. There was a change in ranking 
among the sexes at 17 weeks; in the entire males the 
control line lay between the fatter low testis weight 
index lines (HL and LH) and the high testis weight index 
lines (HH and LH) but in the castrate animals the 
control lines was the fattest line and the LL line was 
the fattest of the index lines. The low testis weight 
index lines were still fatter than the high testis 
weight lines however. 
With the information from both the fat pad dissection 
and the chemical analysis study there are data on the 
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relative fatness of entire animals from all of the 
selected lines at 3 ages; 5, 11 and 17 weeks. Comparing 
the fatness of the index lines selected in the same 
direction for body weight but in opposite directions for 
testis weight ie, HH with HL and LH with LL we can see 
the effect of selection for testis weight of fat 
deposition with age. 
At 5, 11 and 17 weeks the HH line was leaner than the 
HL line. At 5 and 11 weeks the LL line was leaner than 
the UI line but this situation was reversed at 17 weeks 
with the LL line becoming almost as fat as the HL line. 
5.4 Discussion 
The 	role of the testis weight in the 	selection 
experiment was intended to be that of causing an 
alteration in the body weight growth curve such that 
animals selected for high body weight in the index would 
be more mature in body weight at a given age. An animal 
which is more mature is generally expected to be 
proportionately 	fatter 	than 	its 	less 	mature 
counterparts. From both the fat pad dissection study and 
the chemical analysis of body composition the high body 
weight, high testis weight line (HH) was not fatter than 
the high body weight, low testis weight line (HL) at any 
age and the low body weight, low testis weight line (LL) 
became fatter than the low body weight, high , testis 
weight line (LH) at 17 weeks of age, despite the fact 
that the low testis weight index lines were predicted to 
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be less mature in body weight compared to their high 
testis weight counterparts. 
Castration at 19 days did cause the percentage of 
fat present at 17 weeks to increase relative to that 
present in entire animals of the same age. However as 
the ranking among the index lines for fatness did not 
change much between sexes", it was concluded that 
relative performance of these lines did not largely 
depend on the presence of the testes or testosterone 
after 19 days, while the amount of fat deposited did. 
The fact that the LL line did not appear to be fat 
relative to the other index lines at 11 weeks in the 
preliminary dissection study while it was one of the 
fattest lines at 17 weeks in the chemical analysis may 
have been due to 1) sampling, 2) a lesser proportion of 
carcass fat being in the dissected depots in this line 
or 3) a later onset of rapid fat growth in this line. 
Hayes and McCarthy (1976) noted that in their low body 
weight lines fat growth was delayed relative to the high 
body weight lines. Interestingly it was the LL line 
which showed one of the more marked responses in terms 
of the generation 13 relative maturity study and it is 
possible that its continued growth after the age of 
selection, and its consequent relative immaturity at a 
fixed age compared to the other index lines, may be due 
to its later onset of fat deposition. 
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5.5 Conclusions 
Selection for low testis weight was associated with 
increased carcass fat at 17 weeks of age compared to 
selection for high testis weight. This was the case 
regardless of sex i.e. entire or castrate. 
The relative fatness of the lines was not determined 
by the presence of the testes after 19 days of age but 
seemed to be preset by this age. Castration did however 
affect the fat percentage by increasing it at 17 weeks 
in all the lines. This would indicate some involvement 
of the testes in fat deposition. 
The relative immaturity in body weight of the low 
body weight, low testis weight (LL) line may be a result 
of a late onset of fat growth in this line. 
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6. GAIN, FOOD INTAKE AND FOOD EFFICIENCY 
6.1 Introduction 
Selection to "bend" the body weight growth curve, by 
increasing early gain while restricting mature size, is 
one way of increasing the efficiency of meat production 
as long as none of the other economically important 
traits are adversely affected by the selection. 
Rate of gain and food intake determine the food 
efficiency of an animal. In turn rate of gain is 
determined by age, sex and degree of maturity. This 
chapter sets out to investigate the effects of selection 
to change the shape of the growth curve on the gain, 
food intake and food efficiency of our selected lines 
and to investigate the role of selection for testis 
weight on food intake. 
6.2 Materials and Methods 
The animals used in the study of gain, food intake and 
food efficiency were those mice used in the Generation 
13 growth curve study. Briefly, 8 entire males and 8 
castrated males from each of the 20 lines were involved 
in the study. Food was available ad libitum and intake 
was recorded by weight difference from 21 to 114 days of 
age. There were 2 mice of the same sex and line in each 
cage and so the food eaten per cage was divided in two 
to give the mean amount of food eaten per animal. 
Weight gain for a given period was calculated as the 
difference between the mean finishing weight of the two 
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animals in a cage and their mean starting weight. Food 
efficiency was then given as (gain (g)/food (g)) x 100%. 
Total gain, food intake and food efficiency for 21 - 
114 days were measured in addition to gain, food intake 
and food efficiency for 21 - 41 days, 41 - 65 days, 65 - 
86 days and 86 - 114 days of age. 
6.3 Results 
Least Squares means for 21 - 144 day gain, food intake 
and efficiency for individual replicates of each line 
and for males and castrate males are presented in Table 
6.1. As seen from the analysis of variance in Table 6.2 
the replicate x line interactions within selection type 
are significant. As the pooled estimate of these 
interaction mean squares were used as an estimate of the 
variance due to genetic drift it is clear that drift has 
a significant effect in these traits. In order to assess 
any trend in the results the pooled replicate values 
were examined (Table 6.3). 
With the exception of the high body weight line (HX) 
the entire mice of each line gained more over the period 
from 21 - 114 days of age than their castrate 
counterparts. Entire males ate more than the castrates 
in all lines and-were consistently less food efficient 
than the castrates. Table 6.4 shows that the lines 
selected for an increase in their selected trait gained 
more and ate more than their low line contemporaries. In 
the entire mice the only significant difference in the 
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TABLE 6.1 
Least Square Means for 21 	- 	114 day 	gain, 	food intake 
(Fl) and food efficiency (FE) i.e. (gain 	(g)/Food 
intake (g)) x 100% 	for each replicate (Rep). 
Entire Males Castrate Males 
Line Rep Gain Fl FE Gain Fl FE 
CC 
(g) (q•) (%) (g) (g) (%) 
1 27.3 425 6.08 25.9 379 6.83 
2 26.5 434 6.10 20.9 358 5.83 
HX 1 30.3 477 6.38 27.4 391 7.00 
2 25.5 492 5.15 30.1 435 6.90 
LX 1 25.6 413 6.23 21.1 325 6.53 
2 25.1 445 5.65 20.1 378 5.33 
XH 1 35.5 539 6.60 29.6 438 6.75 
2 25.2 457 5.50 23.9 409 5.88 
XL 1 27.0 395 6.80 23.9 342 7.03 
2 28.3 457 6.23 22.7 355 6.40 
CC 1 26.7 452 5.90 25.0 348 7.20 
2 26.2 454 5.75 23.5 367 6.40 
HH 1 25.4 442 5.75 24.5 408 5.98 
2 31.4 535 5.85 25.9 430 6.10 
LL. 1 29.2 404 7.23 25.5 342 7.43 
2 23.9 453 5.30 22.5 370 6.08 
HL 1 30.1 460 6.53 26.3 400 6.58 
2 26.0 479 5.40 25.6 420 6.10 
LH 1 23.2 414 5.60 21.4 377 5.70 
2 23.9 462 5.18 21.0 380 5.55 
TABLE 6.2 
Analysis of variance Table for 21 - 114 day gain, food 
intake (Fl), and food efficiency (FE). 
Source df Mean Squares 
Gain Fl FE 
Types 1 21* 68 1.28* 
Sex 1 307** 214249** 7.01** 
R/Tl 1 129** 933 10.50** 
R/T2 1 10 18365** 7.63** 
L/T1 4 87 18401* 1.00 
L/T2 4 54 10705 2.38 
(R x L)/T1 4 41** 7312** 0.17 
(R x L)/T2 4 35** 1340 1.74** 
(R x L)/T 8 38** 4326** 0.95** 
(S x R)/T1 1 5 534 0.03 
(S x R)/T2 1 0 2788* 0.15 
(S x L)/T1 4 20 28 0.87 
(S x L)/T2 4 1 869 0.37 
(S x R x L)/T 9 16 1223 0.44 
Remainder 120 4.7 689 0.23 
7,36 
TABLE 6.3 
Least Squares Means for 21 - 114 day gain, food intake 
(Fl) and food efficiency (FE). Replicates pooled. 
Entire Males Castrate Males 
Line Gain Fl FE Gain Fl FE 
(q') (g) (U (g) (g) (U 
CC 26.7 442 6.07 23.6 370 6.35 
HX 27.8 483 5.74 28.8 414 6.97 
LX 25.2 428 5.92 20.8 352 5.95 
XH 30.2 497 6.03 26.9 424 6.33 
XL 27.5 425 6.49 23.5 350 6.73 
CC 26.6 454 5.85 24.1 356 6.78 
HH 28.6 490 5.82 25.1 418 6.02 
LL 26.7 429 6.28 23.9 355 6.73 
HL 26.2 471 5.98 25.8 409 6.32 
LH 23.7 439 5.41 21.1 378 5.60 
SE 2.3 23 0.34 1.3 13 0.25 
TABLE 6.4 
Linear contrasts among divergent lines, replicates pooled, in 
21 - 114 day Gain, Food intake (Fl) and Food Efficiency (FE). 
Entire Males 	 Castrate Males 
Contrast Gain Fl FE Gain Fl FE 
14 
(g) (g) (%) (g) (g) (%) 
HX - LX 2.54 55 -0.18 8.08*** 62** 1.03* 
XII - XL 2.71 72* -0.46 3.43 75** -0.40 
HH - LL 1.86 61 -0.46 1.19 63** -0.71 
HL - LII 4.47 32 0.58 4.72 31 0.71 
SE 3.22 33 0.48 1.88 19 0.36 
divergent lines was for food intake among the high (XH) 
and low (XL) testis weight lines. In the castrate mice 
food intake significantly differed between the body 
weight lines (HX and LX), the testis weight lines (XH 
and XL) and the Index 1 lines (HH and LL). Gain and 
food efficiency also differed significantly between the 
body weight lines in the castrated mice, but the HX line 
was more food efficient than the LX line in the 
castrates while the LX mice were more food efficient in 
the entire animals. Interestingly in both sexes the 
lines selected for low testis weight (XL, LL, HL) all 
had a greater food efficiency than their high testis 
weight counterparts (XH, HH, LH). 
Changes with age in gain, food intake and food 
efficiency in the lines were investigated by splitting 
the 21 - 114 day period of measurement into four 
smaller periods designated A, 21 - 41 days; B, 41 - 65 
days; C, 65 - 86 days and D, 86 - 114 days. Due to the 
schedule of these measurements the periods A, B, C and D 
were not of equal duration but were 20, 24, 21 and 28 
days respectively. Gain, food intake and food efficiency 
for the replicates pooled and for both sexes are 
presented in Tables 6.5, 6.6 and 6.7 respectively. In 
all the lines gain and efficiency declined with age 
while food intake increased initially with age and then 
became reasonably constant per day in periods C and D. 
At period A the entire males gained more than the 
castrate males, however this situation was reversed in 
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TABLE 6.5 
Least squares means of 	gain from 	21 - 41 days (Gain A), 41 	- 65 days 
(Gain B), 	65 - 86 days 	(Gain C) and 	86 - 114 days (Gain D). 
Entire Males Castrates Males 
Line Gain A Gain B Gain C Gain D Gain A Gain B Gain C Gain D 
CC 16.6 5.6 2.9 1.8 12.5 6.4 3.0 1.5 
HX 17.1 4.9 2.9 1.7 14.7 6.4 4.3 3.4 
LX 13.1 6.8 2.1 2.2 11.5 5.1 2.2 1.9 
p 
XH 17.7 5.7 3.2 2.5 15.2 6.2 2.9 2.4 
XL 15.9 5.2 3.8 2.8 12.7 6.0 2.8 1.8 
CC 15.6 6.0 2.3 2.5 12.9 6.0 2.6 2.7 
HH 18.7 5.4 2.2 2.8 15.1 6.1 2.3 3.0 
LL 15.5 5.5 2.8 2.8 11.9 6.2 2.6 3.3 
HL 16.9 5.1 2.8 2.3 14.4 5.7 3.0 2.9 
LH 15.7 4.4 1.7 1.8 12.4 4.8 2.3 1.7 
SE 1.1 0.8 0.5 0.4 0.8 0.5 0.5 0.6 
TABLE 6.6 
Least squares means of food intake from 21 - 41 days (Fl A), 41 - 65 
days (Ft B), 65 - 86 days (Ft C) and 86 - 114 days (Fl D). 
Entire Males 	 Castrate Males 




Fl C Fl D Fl A Fl B Fl C Fl D 
CC 
(g) (g) (g) (g) (g) (g) 
78 115 106 143 67 98 88 116 
HX 87 126 116 156 80 109 94 129 
Li 
LX 71 115 104 139 67 92 81 111 
XH 85 127 121 164 81 111 101 130 
XL 76 109 99 141 69 92 81 107 
CC 79 120 107 147 73 100 83 102 
HH 88 130 116 155 82 112 94 131 
LL 76 117 102 133 67 95 81 113 
HL 87 129 107 146 75 114 95 126 
LH 78 120 100 139 72 104 87 116 
SE 4.3 7.3 6.0 7.4 4.2 3.0 4.5 5.2 
TABLE 6.7 
Least squares means of food efficiency from 21 - 41 days (FE A), 41 
- 65 days (FE B), 	65 - 86 days 	(FE C) and 86 - 114 days (FE 	D). 
Entire Males Castrate Males 







(%) (%) (%) (%) (%) 
21.2 4.9 2.7 1.3 19.0 6.5 3.4 1.3 
HX 19.9 4.9 2.5 1.1 18.3 5.9 4.5 2.6 
LX 18.7 6.9 2.1 1.5 17.2 5.7 2.8 1.7 
XH 20.7 5.4 2.6 1.5 18.8 5.6 2.9 1.9 
XL 20.9 4.9 3.8 2.0 18.6 6.6 3.4 1.7 
CC 19.8 5.0 2.2 1.8 17.8 6.1 3.1 2.7 
HH 21.3 4.1 1.9 1.9 18.5 5.5 2.5 2.2 
LL 20.5 4.8 2.7 2.1 17.9 6.5 3.3 2.9 
HL 19.6 4.8 2.7 1.5 19.4 5.0 3.1 2.3 
LH 20.1 3.6 1.8 1.3 17.9 4.7 2.7 1.5 
SE 1.2 1.1 0.4 0.3 1.0 0.4 0.5 0.5 
all but the low body weight line in period B and was 
only maintained through period C to period D by the 
castrates of the HX, HH and HL selection lines. The 
castrates ate less at every period compared to the 
entires and after period A were usually more food 
efficient than the entires. 
Table 6.8 shows the contrasts among the divergent 
selection lines for gain, food intake and food 
efficiency for each of the periods A, B, C, D. All the 
food intake differences were of the same sign while 
those of the gain and efficiency measurements changed 
direction over periods. In every case gain in period A 
among divergent lines in both sexes was greatest in the 
line selected for an increase in the selected trait ie 
HX, XH, HH and HL, but this was not always the case in 
subsequent periods. For the entire mice in period B and 
D the LX line gained more than the HX line, in periods C 
and D the XL line gained more weight than the XH line 
and in periods B and C the LL line gained more than the 
HH line. In the castrate animals the LL line gained more 
weight than the HH line in periods B, C and D. 
The effect of testis weight selection in the index 
lines on food intake can be investigated by comparing 
the mean food intakes (Table 6.3) of the lines selected 
in the same direction for body weight but in opposite 
direction for testis weight i.e. HH with HL and LH with 
LL. In these comparisons the high testis weight lines 
ate more over the 21 - 114 day period and also, for the 
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TABLE 6.8 
Linear contrasts among divergent lines in gain, 	food intake (Fl) 	and food efficiency (FE) 	in each period 
A, 	B, 	C and D. 
Entire Males 
Contrast 	Gain A Gain B 	Gain C Gain 0 Fl A FT B FT C FT D FE A FE B FE C FE 0 
HX - LX 	4.0* -1.9 0.8 -0.5 15.4* 10.9 11.7 16.9 1.2 -2.0 0.46 -0.44 
Qcj 	 XH - XL 	1.8 0.6 -0.6 -0.3 8.8 18.7 21.4* 23.0* -0.2 0.5 -1.21* -0.45 
HH - LL 	3.1 
p 
-0.1 -0.6 0.0 11.4 13.3 13.4 22.5 0.8 -0.8 -0.78 -0.25 
HL - LH 	1.2 0.7 1.1 0.5 9.0 8.8 7.0 7.3 -0.6 1.2 0.94 0.24 
SE 	1.5 1.2 0.7 0.5 6.1 10.3 8.5 10.5 1.7 1.5 0.50 0.38 
Castrate Males 
Contrast 	Gain A Gain B 	Gain C Gain 0 Fl A Fl B FT C FT 0 FE A FE B FE C FE 0 
HX - LX 	3.2* 1.3 2.1 1.5 13.0* 17.9*** 12.9 17.9* 1.1 0.1 1.75* 0.90 
XH - XL 	2.5* 0.2 0.1 0.6 12.4 18.8zs* 19.5** 23.8s* 0.2 -1.0 -0.55 0.15 
HH - 	LI. 	3.2* -0.1 -0.3 -0.3 15.1* 17.1** 13.2 17.3* 0.6 -1.0 -0.83 -0.64 
HL - WI 	2.0 0.9 0.7 1.2 3.4 10.4* 8.2 9.4 1.5 0.3 0.033 0.79 
SE 	1.1 0.7 0.8 0.8 6.0 4.2 6.3 7.3 1.3 0.6 0.77 0.64 
II 
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most part, in each of the periods A, B, C and D. 
6.4 Discussion 
The principal factor influencing food efficiency is 
weight gain and in turn gain depends largely on age, sex 
and degree of maturity. Changing the shape of the growth 
curve would then be expected to cause changes in food 
efficiency as the gain achieved in any part of the 
growth curve was altered. In the HX, HH and HL lines an 
increase in 5 week body was selected for and 
consequently these lines were expected to be more food 
efficient in period A. In the low body weight index 
lines, in particular, selection for high testis weight 
(LH) caused gain to reduce after the age of selection 
and in both castrate and entire males the LH line was 
the least food efficient at period D. In the LL line 
food efficiency was the highest of all the lines in 
period D because as was the aim this line continued a 
higher rate of gain subsequent to age at selection. 
Although the situation was not so marked in the high 
body weight index lines, selection for high testis 
weight reduced the gain in this line after age at 
selection and again efficiency was less compared to the 
HL line at period D. 
The fact that over the total 21 - 114 day period the LL 
line was the most food efficient line in the study was 
surprising due to its initial low gain, as expected from 
selection for low 5 week body weight. However this line 
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continued a relatively high rate of gain in periods B, 
C, and D. The LH line was the least food efficient line 
overall as could be expected from its predicted growth 
curve : low initial gain with restricted later gain. 
Bakker (1974) and Timon and Eisen (1970) found that 
female mice were less food efficient than male mice 
before about 8 weeks of age. After this age Bakker 
found there to be little difference among the sexes. In 
the present study the castrated male mice were less food 
efficient than the entire males from 21 - 41 days but 
were more food efficient in the 3 periods 41 - 65 days, 
65 - 86 days and 86 - 114 days, and considering the 21 - 
114 day period as a whole the castrates were the more 
food efficient in every line probably due to their 
greater gain in the 41 - 114 day period. In the 14 
studies cited by Field (1971), bulls, boars and rams 
consumed less food per kg gain than steers, barrows and 
wethers respectively, i.e food efficiency was greater in 
entire males than in castrated males. In livestock 
production the measurement of the economically important 
traits does not often extend beyond the fast growth 
phase of the animals as they are then slaughtered for 
consumption, and so little information is available as 
to the subsequent performance of entires versus 
castrates. The corresponding growth phase in mice would 
be period A in the present study, i.e. 21 - 42 days. In 
this period the food consumed per unit of gain in the 
entire mice was, as expected from the results in 
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livestock, less than for the castrated mice. In general 
the lines selected for high testis weight had greater 
appetites, and this observation was interesting as a 
study of testis size (author unpub) in mice selected for 
appetite corrected for 4 week body weight (Sharp et al 
1984) showed these animals to have increased testis 
weights and increased testis weight/body weight ratios 
compared to unselected controls. 
Differences in the performance of the sexes has been 
largely attributed to the presence or absence of 
testosterone. Galbraith (1978) suggested that the 
superior gain in entire male cattle, compared to steers, 
was partly due to hormonally mediated differences in 
nitrogen metabolism and more specifically to an 
increased deposition of lean tissue. Several 
investigators (Schandbacher 1980, Hale and Oliver 1973) 
have shown that a decrease in food efficiency, is 
associated with an increase in carcass fat and that 
implantation of castrate animals with anabolic steroids 
significantly decreases the food efficiency, i.e. (gain 
(kg)/food intake (kg)] x 100¼ (Heitzman 1977). In our 
experiment the differences in the food efficiencies 
among the lines were not due solely to any effects of 
testosterone in the lines as the castrate animals also 
showed the differences. 
Interestingly the lines which became the more efficient 
over the course of the study were largely those who were 
the fattest at 119 days of age, namely the low testis 
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weight lines (XL, HL and LL). In addition the huge 
increase in fatness in the castrate HX line over the 
entire HX line corresponded to a large increase in the 
efficiency of the castrate mice of the HX line over the 
entire HX line mice. It would appear that the decreased 
maturity in body weight of the low testis weight lines 
is partly a result of the growth of fat later in the 
growth curve and that this gain causes the food 
efficiency of these lines to improve relative to other 
lines after the initial period of 21 - 41 days. This 
result seems strange as the deposition of fat is 
energetically more expensive than the deposition of the 
same weight of lean tissue. However as noted by Yuksel, 
Hill and Roberts (1981) it may be possible that the 
differential demands of laying down fat or lean, 
compared to other energy costs such as protein turnover 
and thermogenesis in the mouse, may account for only a 
small part of the total energy input and may therfore be 
a relatively minor factor in the calculation. 
Selection for food efficiency in mice (Yuksel, Hill 
and Roberts 1981) resulted in an increase in % carcass 
fat compared to controls and would support the 
proposition that the differences in food efficiency in 
the current lines may be due partly to the differences 
in amount and timing of fat deposition. 
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6.5 Conclusions 
The lines selected for high body weight were more 
food efficient in the 21 - 41 day period because of 
their greater weight gain and the lines selected for low 
testis weight were the most efficient in the 86 - 114 
day period because of their continued rate of gain and 
relatively low food intake. 
Over the 21 - 114 day period the entire male mice 
gained more weight, ate more and were less efficient 
than their castrated counterparts. 
The entire mice were more efficient than the 
castrates in the 21 - 41 day period but became less 
efficient than the castrates thereafter as their weight 
gain but not their food intake decreased relative to the 
castrates. 
7. REPRODUCTIVE PERFORMANCE 
7.1 Introduction 
In the present selection experiment, testis weight was 
used as an indicator of maturity in body weight and, 
combined with 5 week body weight, used to alter the 
shape of the body weight growth curve. Murine testis 
weight, however, has also been found to be positively 
genetically correlated with ovulation rate in females 
(Land 1973) and the use of selection on testis weight to 
improve reproductive performance, regarded hitherto as a 
sex - limited trait, has been suggested by Land (1973). 
It was the aim of this study to investigate the 
effects of selection for testis weight, both as a single 
trait and in the indices, on sucessful mating rate, 
litter size, ovulation rate and prenatal survival. In 
addition a study was carried out in order to ascertain 
whether the changes in maturity in body weight in the 
selected lines reflected changes in the age at sexual 
maturity. 
7.2 Materials and Methods 
7.2.1 Mating failure 
A mating was regarded as sucessful if a litter was 
produced. Mating failure was recorded as the ratio of 
number of animals mated and surviving to 12 weeks of age 
which had not produced a litter to the total number of 
animals mated per line. The matings studied were those 
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of generations 9, 10, 11 and 12. In these generations 
the adult male mice were removed from the mating cage 
prior to the expected birth date in order to avoid 
canibalisation of the young by the male parent. 
7.2.2 Litter size 
Litter size was defined as the number of pups born alive 
and was recorded every generation for all first parity 
matings in a line. Matings that did not produce a litter 
were not included in the line mean. 
7.2.3 Ovulation Rate and Prenatal Survival 
Additional females from generation 8 were mated for the 
ovulation rate study. The nulliparous females were pair 
mated to a male of the same line at approximately 9 
weeks old and scored daily for a vaginal plug. At day 17 
of gestation (day of plug = day 0) the animal was 
sacrificed and the ovaries and uterus were dissected 
out. Ovulation rate was measured as the number of 
corpora lutea on both ovaries. In order to assess 
prenatal survival (PNS) the number of live foetuses were 
scored together with moles (implantation sites) and 
resorptions (dead foetuses). Prenatal survival was 
calculated as the ratio of live foetuses to the number 
of corpora lutea. 
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7.2.4 Age at onset of puberty in the Male 
In the male, puberty is said to occur when 1) sperm-
atogenesis is complete, 2) libido is manifested, and 3) 
when penile development permits normal ejaculation. In 
the male mouse age at puberty was measured as the age at 
which the young mouse first formed a copulation plug in 
the female. This requires all of the above criteria for 
puberty to be fulfilled. 
In the present experiment each male mouse was placed, 
at weaning, with two adult female mice chosen at random 
from mice of the G strains (Sharp et al 1984). The 
females were scored daily for vaginal plugs. The day 
either female was found to have a plug the male was 
weighed and his age was recorded at day of plug. The 
weight of the male mouse was recorded again at 7 weeks 
of age. 
The male mice in this study were from generation 13 
and from replicate 1 only. Only one replicate was used 
due to restrictions of space. 
7.3 Results 
7.3.1 Mating failure 
The number of unsucessful matings in a line i.e. those 
not resulting in a litter, expressed as a ratio of the 
total number of matings made per line in generations 9, 
10, 11 and 12 are presented in Table 7.1. For comparison 
the equivalent figures from generations 4, 5 and 6 
(Williams 1984) are shown in the same Table. 
TABLE 7.1 
Number of Matings per line failing to produce a litter, 
in relation to the total number of matings per line, in 
generations 4 - 6 (Williams 1984) and generations 9 - 12 
Mating Failure Z Failure 
Gens. 4-6 9-12 4-6 9-12 
Line 
CC 3/69 9/96 4.3 9.4 
HX 1/72 3/96 1.4 3.1 
LX 1/70 7/96 1.4 7.3 
XH 2/70 5/96 2.9 5.2 
XL 6/69 15/96 8.7 15.6 
CC 4/71 7/96 5.6 7.3 
HH 5/71 6/96 7.0 6.3 
LL 1/72 11/96 1.4 11.5 
HL 5/71 12/96 7.0 12.5 
LH 3/72 4/96 4.2 4.2 
Mating failure has increased with selection in all 
the lines except the high testis weight index lines (NH 
and LH). In generations 9 - 12 the result of a chi - 
square test on the relationship between direction of 
selection i.e. high, low and no selection, of body 
weight (Table 7.2) or testis weight (Table 7.3) on 
mating success showed that only the direction of 
selection on testis weight had an effect at the first 
parity. Selection for low testis weight (XL, LL and HL) 
resulted in an increase in mating failure in generations 
9 - 12. 
7.3.2 Primiparous litter size. 
Individual replicate line means for primiparous litter 
size in generations 1 - 12 are plotted in Figures 7.1 
and 7.2. The means can be found in Appendix 4. In both 
replicates the high testis weight (XH) and high body 
weight (HX) lines had greater litter sizes on average 
than the control line in generations 9 - 12 and the low 
testis weight (XL) and low body weight (LX) lines had 
smaller litter sizes. The XH line had a greater average 
litter size compared to the HX line while the XL and LX 
lines had similar litter sizes. In the Index lines the 
Index 1 lines (HH and LL) had smaller litter sizes on 
average than the control line while the Index 2 lines 
had larger litter sizes than the control in replicate 1. 
In replicate 2 only the HH index line had litter size 
greater than the control line. In both replicates the HH 
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TABLE 7.2 
Numbers of matings in generations 9 - 12 either fertile 
(Fe) or non fertile We) classified according to 
direction of selection for body weight. 
Direction of selection 	 Fe 	NFe 	Total 
High* f 267 21 288 
F 264 24 
f - F 3 -3 
Lowe f 266 22 288 
F 264 24 
f - F 2 -2 
No selection@ f 348 36 384 
F 352 32 
f - F -4 4 
Total 881 79 960 
= 	(f - F) 2/F = 	1.14 df = 2 p ( 0.5 
HH, LH and XH 
LL, HL and XL 
@ CC, CC, HX and LX 
f = observed frequency 
F = expected frequency = (row total)(Column total)/960 
TABLE 7.3 
Numbers of matings in generations 9 - 12 either fertile 
(Fe) or non fertile We) classified according to 
direction of selection for testis weight. 
Direction of selection 	 Fe 	NFe 	Total 
High* f 273 15 288 
F 264 24 
f - F 9 -9 
Lowe f 250 38 288 
F 264 24 
f - F -14 14 
No selections f 358 26 384 
F 352 32 
f - F 6 -6 
Total 881 79 960 
X 2 = 	( f - F) 2/F = 13.8 	df = 2 	p < 0.005 
* HH, LH and XH 
LL, HL and XL 
CC, CC, HX and LX 
f = observed frequency 
F = expected frequency = (row total)(Column total)/960 
FIG 7.1 
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line had greater litter sizes on average than the LL 
line although this advantage was marginal in replicate 
1. While both the LH and HL lines had a similar average 
litter size in generations 9 - 12 in replicate 2, the LH 
line had a greater average litter size in replicate 1 
than the HL line. 
The picture presented from the individal replicates 
with respect to litter size was not clear. In Figures 
7.3 and 7.4 the replicates are pooled. It was 
interesting that in the single trait body weight lines 
(HX and LX), the single trait testis weight lines (XH 
and XL) and the Index 1 lines (HH and LL) differences 
between the divergent lines became more consistent after 
generation 7. Prior to generation 7 there had been 
evidence of cannibalism of the pups by the male parent 
and so adult males were removed from the mating cage 
prior to birth in generations 8 - 12 in order to prevent 
an error in recording litter size due to this source. In 
the single trait lines the HX and XH lines had greater 
litter sizes than their low counterparts (LX and XL) 
from generation 7 onwards. 
The LL line had a lower litter size than the HH line 
(Fig 7.4) from generation 6 onwards while in the Index 2 
lines (HL and LH) there was no consistent difference in 
litter size. Litter sizes for the replicates pooled and 
averaged over generations 9, 10, 11 and 12 are shown in 
Table 7.4. 
An analysis of variance of litter size in generation 
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Litter sizes averaged over generations 9, 10, 11 and 12 
Litter size 
Line 	Replicate.1 	Replicate 2 	Reps pooled 
CC 10.9 9.6 10.3 
HX 11.3 10.0 10.7 
LX 8.9 8.3 8.6 
XH 12.4 10.5 11.4 
XL 8.9 8.7 8.8 
CC 10.1 10.0 10.1 
HH 9.1 10.9 10.0 
LL 9.0 8.6 8.8 
HL 10.7 9.7 10.3 
LH 11.1 9.6 10.4 
13, i.e. the generation following the termination of 
selection, is presented in Table 7.5. At mating the dam 
weight was recorded. This was done in order to account 
for changes in litter size arising from differences in 
body weight as body weight and litter size have been 
found to be positively correlated as discussed in 
chapter 2. In the present study the regression of litter 
size on dam mating weight was positive (b = 0.19) and 
significant. Table 7.6 shows the effects of the 
regression on dam mating weight on the least squares 
means for litter size. The contrasts among the divergent 
single trait body weight, testis weight and Index 1 
lines after the regression were reduced in magnitude 
while that for the Index 2 lines was increased (Table 
7.7). Only the Index 1 contrast changed sign after 
regression on dam mating weight. 
7.3.3 Ovulation rate and Prenatal Survival 
The results of individual replicates in generation 8 for 
ovulation rate, number of live foetuses at 17 days of 
gestation (LF) and prenatal survival (PNS) are given in 
Appendix 5 along with 5 week body weights. There are 
significant replicate differences (Table 7.8) in the 
single trait lines for body weight and ovulation rate. 
The main source of the interaction was the high body 
weight line which had the highest ovulation rate in 
replicate 1 and the lowest in replicate 2. This line 
also had the lowest body weight in replicate 2. 
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TABLE 7.5 
Analysis of variance of litter size in generation 13 
Source df MS 
Types 1 4.43 
R/T1 1 11.80 
R/T2 1 5.49 
L/Tl 4 7.91 
L/T2 4 10.43 
R/T x L/T 8 7.63 
Regr on BWt 1 36.57* 
Remainder 180 5.82 
* p < 0.05 
TABLE 7.6 
Least Squares means of Mating weight (MWt) and Litter 
size (LS) in Generation 13 replicates pooled. 
No regression After regression on MWt 
Line n MWt LS LS 
(g) 
CC 19 27.6 10.7 10.4 
FIX 21 28.0 11.2 10.8 
LX 21 23.1 8.7 9.3 
XH 22 29.4 11.4 10.8 
XL 20 25.0 9.2 9.4 
CC 22 25.8 10.9 11.0 
HH 20 27.8 9.9 9.6 
LL 16 24.1 9.5 9.9 
HL 18 27.4 10.6 10.4 
LH 22 24.0 11.0 11.4 
SE 1.3 0.8 0.6 
n = number of animals producing litter 
qtL 
TABLE 7.7 
Linear contrasts among divergent lines for Mating weight 
(MWt) and Litter size (LS) in generation 13. 
Linear Contrast 	No regression 	Regression on MWt. 
MWt 	LS 	 LS 
HX - LX 4.9* 2.5* 1.6 
XH - XL 4.5* 2.2 1.4 
HH - LL 3.7 0.4 -0.3 
HL - LH 3.4 -0.4 -1.0 
SE 1.8 1.1 0.9 
1Ic., 
TABLE 7.8 
Analysis of variance of 5 week body weight (BWt), 
ovulation rate (OR), number of live foetuses at 18 days 
of gestation (LF) and prenatal survival (PNS) at 
generation 8. 
Source df 5 wk BWt OR LF PNS 
Types 1 33.0 0.2 5.30 1027 
R/Tl 1 26.6 127.0*ic 108.0** 264 
R/T2 1 4.05 3.08 0.168 120 
R/T 2 15.34 65.0** 54.1** 192 
L/T1 4 31.9 21.5 18.8 138 
L/T2 4 46.0 25.1 14.5 482 
(R x L)/Tl 4 32.7** 33.7** 2.34 1109 
(R x L)/T2 4 2.74 2.44 16.7 420 
(R x L)/T 8 17.7** 18.1** 9.52 765 
Remainder 266 5.47 8.97 10.3 436 
Pooling over the replicates (Table 7.9) it is seen 
that the single trait line with the greatest body 
weight, ovulation rate and live foetus count at 17 days 
was the high testis weight line (XH), while in the 
double trait lines the high body weight, high testis 
weight line (NH) had the highest values for these three 
traits. None of the index lines had a greater PNS than 
their unselected Control line. 
Table 7.10 shows the linear contrasts among divergent 
lines for body weight, ovulation rate, LF and PNS both 
before and after regression on body weight at 5 weeks of 
age. The regression on body weight removed much of the 
difference among the divergent lines in both OR and LF, 
although in the Index 2 comparison the magnitude of the 
difference in LF increased after regression on body 
weight; the LH line had more live foetuses at 17 days of 
gestation compared to the HL line. As seen in Table 7.9 
the HL line had the poorest PNS of all the lines. 
7.3.4 Ace at Male Pubert 
The results of this study, on replicate 1 males of 
generation 13, for age and weight at first plug are 
presented in Table 7.11. In the single trait selection 
lines the mice of the low testis weight line (XL) were 
the youngest to reach sexual maturity as indicated by 
the presence of a copulation plug in one or other 	of 
their female cohabitants. In the index lines the low 
body weight, high testis weight line (LH) animals were 
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TABLE 7.9 
Generation 8 reproduction study ; numbers of mice and 
least squares means for 5 week body weight (BWt), 
ovulation rate (OR), number of live foetuses at 18 days 
of gestation (LF) and prenatal survival (PNS). 
Replicates pooled. 
No. 	of Mice No. 	of Mice 5 week 
Line Mated Pregnant BWt OR LF PNS 
CC 34 32 22.5 13.9 11.3 83.2 
HX 26 24 21.9 14.6 10.9 79.3 
LX 29 28 21.8 13.5 10.7 79.0 
XH 39 36 23.9 15.5 12.3 79.5 
XL 32 32 21.4 13.7 10.4 77.6 
CC 33 32 22.5 14.1 11.5 81.8 
HH 30 28 25.0 15.7 11.8 76.3 
LL 31 27 21.6 13.1 10.1 76.0 
HL 14 12 23.3 14.7 10.0 67.1 
LH 39 35 22.6 13.9 10.7 77.3 
SE 	 "N. 	5.4 
TABLE 7.10 
Linear contrasts among divergent selection lines for 5 
week body weight (BWt), ovulation rate (OR), number of 
live foetuses at 18 days of gestation (LF) and prenatal 
survival (PNS) before and after fitting a linear 
regression on body weight in generation B. Replicates 
pooled. 
No regressions fitted Regression on BWt 
Contrast BWt OR LF PNS OR LF 
(g) 
HX - LX 0.1 1.1 0.2 0.3 1.0 0.2 
XH - XL 2.5** 1.7 1.9* 1.9 0.5 1.1 
HH - LL 3.4** 2.6* 1.6 0.3 0.9 0.5 
HL - LH 0.7 0.8 -0.7 -10.2 0.4 -0.9 
SE 1.2 1.2 0.9 7.7 1.1 1.0 
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TABLE 7.11 
Least squares means of age at first plug, weight at 
first plug and 7 week weight in male mice. Replicate 1. 
Number Age at Weight at 7 week 
Line of mice plug 	(days) plug 	(g) Weight 	(q) 
CC 18 	(1) 44.9 27.2 29.1 
HX 20 42.1 25.2 28.6 
LX 13 	(5) 44.1 23.6 26.2 
XH 12 	(6) 46.3 32.7 34.2 
XL 19 41.9 21.6 24.2 
CC 21 42.1 23.7 26.8 
HH 19 	(1) 43.8 29.0 30.6 
LL 20 45.0 25.1 26.8 
HL 20 	(1) 46.9 29.9 30.2 
LH 20 42.2 23.8 26.6 
SE 1.1 0.8 0.7 
Numbers in brackets are the number of mice which did not 
give a plug before 7 weeks of age and which were not 
included in the means. 
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the youngest to reach puberty. Interestingly the 	XH 
line had the highest mean age at first plug and 6 of 
the 18 animals in the test from this line failed to 
produce a plug by 7 weeks of age when the study was 
terminated. The HL line had the highest mean age of the 
index lines at puberty but only 1 of the 20 animals of 
this line failed to "plug" by 49 days of age. 
Table 7.12 shows the linear contrasts among the 
divergent selection lines for age at plug, weight at 
plug and 7 week weight. The high body weight line (HX) 
and the high body weight, high testis weight line (HH) 
were younger at first plug than their LX and LL 
counterparts respectively. The high testis weight line 
(XH) was 4.4 days older at puberty than the XL line and 
the HL line was 4.7 days later in reaching puberty 
compared to the LH line. The correlations among line 
means, between age at plug and weight at plug and 
between age at plug and 7 week weight were 0.79 and 0.97 
respectively. 
The effect of sampling on age at puberty could not be 
assessed in the present study as only males from 
replicate 1 were represented. 
TABLE 7.12 
Contrasts among divergent selection lines for age at 
first plug, weight at first plug and 7 week body weight 
in male mice. 
Age at Weight at 7 week 
Contrast plug 	(days) plug 	(g) weight 	(ci) 
HX - LX -2.0 1.5 2.4* 
XH - XL 4.4* 11.1** 10.0** 
HR - LL -1.1 3.8** 3.8** 
HL - LH 4.7** 6.1** 3.6** 
SE 1.6 1.1 1.0 
7.4 Discussion 
7.4.1 Mating failure 
The increased mating failure seen in the XL, LL and ML 
lines (Table 7.1) compared to their Control lines 
indicated that in these lines the males had either a 
lower libido, poorer sperm quantity and/or quality 
and/or fewer "fertile" females i.e. fewer females able 
to conceive and bear a litter compared to the Control 
line animals. The fact that in these lines the mice had 
been selected for low testis weight suggested that these 
animals may have a lower seminiferous tubular mass and 
therefore have lower sperm counts and /or a reduced 
steroidogenic capacity and consequently a reduced 
libido. 
7.4.2 Primiparous 	litter size, 	Ovulation rate and 
Prenatal Survival. 
Many workers agree that body weight and litter size are 
positively correlated but that the magnitude of the 
correlation is very variable (MacArthur 1949, Rahnefeld 
1966, Eisen 1978). Bradford (1971) found the genetic 
correlation to be near zero in his mouse population. In 
the present study the response in litter size to 
selection for body weight has been greater in magnitude 
in the low body weight line where the litter size has 
decreased (Fig 7.3). Table 7.9 values would suggest that 
results mainly from a lowered ovulation rate. 
The Testis weight lines respond almost symetrically 
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about the control line (Fig 7.3) with respect to litter 
size. The XH line has the highest ovulation rate of the 
single trait lines which is carried on into a higher 
litter size while the XL line had an ovulation rate 
lower than the Control line and the poorest prenatal 
survival of the single trait lines. 
In the Index 1 lines the response of the LL line was 
more consistent in litter size than the HH line. The HH 
line showed large differences in litter size between the 
replicates with the litter size in replicate 1 being 
almost 2 pups smaller. In the generation 8 study there 
was general agreement between replicates in the HH line 
for 5 week body weight and OR, however the HH line had 
the lowest PNS of the replicate 1 index lines. If poor 
prenatal survival was characteristic of this line in 
replicate 1 it may explain the low average litter size 
in the HH line seen in generations 9 - 12 (Appendix 4 
replicate 1). Over both replicates however the HL line 
had the poorest PNS of all the lines in the generation 
8 study. Again if this were characteristic of this line 
along with its higher ovulation rate than the control 
line it would explain why its average litter size is not 
much higher than that of the control line. The HL line 
was shown in Chapter 5, Table 5.1 to have the lowest 
Testis weight/Body weight ratio of all the selected 
lines. It is interesting to speculate that selection has 
caused a hormonal imbalance in this line, causing a 
reduction in mating sucess (Table 7.1). In addition HL 
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selection may be causing genetically related females to 
be unable to carry a high proportion of their foetuses 
successfully 	to parturition, 	again because of an 
unfavourable hormonal environment. Bradford (1980) 
showed that in general lower levels of steroid hormones 
are associated with lower absolute and percentage 
prenatal survival. Compared to the HL line the LH line 
had a good mating success rate and PNS rate. This may 
largely account for the higher litter size when 
correcting for body weight (Table 7.6) compared to the 
HL line. 
In the studies on mating success, OR, LF and PNS it 
was unlikely that any differences were due to 
differences in the degree of sexual maturity among the 
lines because puberty occurs in female mice at 
approximately 5 weeks and in males at 6 weeks of age and 
all the above study was carried out at 9 - 12 weeks of 
age when all the mice involved were expected to be 
fully sexually mature. 
7.4.3 Age at male puberty 
Sexual maturity in the male mouse has been shown by Jean 
- Faucher (1978) to be preceded by an increase in the 
level of testosterone present in the bloodstream. This 
rise of male hormone to puberty has also been documented 
in the rat (Dohler 1975, Ketelegers 1978), in pigs 
(FlorCruz 1978, Allrich 1982) and in cattle (McCarthy 
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1979). The rise in testosterone is necessary for sexual 
development and maturation. As the high testis weight 
line (XH) was older on average at first plug, it would 
seem that either testis weight does not reflect 
testosterone production and/or that because of their 
large body weight and therefore large circulatory 
volume, the testosterone produced by the XH line mice 
was diluted so that the plasma testosterone level was no 
greater than that of the other lines at the same age. 
Selection for a combination of testis weight and body 
weight, i.e. index selection, may affect testosterone 
levels per unit of blood in a more predictable way and 
therefore allow some control over the timing of puberty. 
In other words altering the amount of testosterone 
produced and the circulatory volume, by selection for 
testis weight and body weight respectively, might make 
the response in age at sexual maturity, if it is due to 
testosterone levels, more predictable. Certainly an 
example of the possible beneficial effects of selection 
for high testis weight with low body weight, a 
combination which may allow high levels of plasma 
testosterone, was seen in the LH line which despite its 




Selection for decreased testis weight increased 
the incidence of unsuccessful matings. 
Lines selected for high and low testis weight (XH 
and XL) had increased and decreased average litter 
sizes, in generations 9 - 12, respectively compared 
to the control line. The response in the XH line was 
probably lagely due to an increased ovulation rate. 
Selection for high body weight increased litter 
size but the correlated response to selection for low 
body weight was more marked and litter size was 
decreased. 
In the index lines the effect of direction of 
selection on testis weight in the high body weight 
lines (HH and HL) did not affect litter size as much 
or as consistently as in the low body weight index 
lines (LL and LH). In the LL line the litter size 
decreased and this was probably due largely to a 
decreased ovulation rate. 
The effect of increased testis weight on sexual 
maturity in the male differed between the single 
trait lineS and the index lines. In the latter 
selection for increased testis weight reduced the age 
at first plug. This effect may have been a result of 
sampling as only one replicate was examined. 
B. PLASMA TESTOSTERONE LEVELS 
8.1 Introduction 
The significant differences in the testis weight to body 
weight ratios among the selected lines at 5 weeks 
(Chapter 5), might indicate differences in their 
endogenous testosterone levels at this and subsequent 
ages. The known effects of the presence or absence of 
testosterone on carcass quality, feed efficiency and 
sexual maturation and the less well documented effects 
of differing levels of endogenous testosterone on these 
traits and on bone growth prompted a study of the plasma 
testosterone levels in the lines. Furthermore the testes 
and gonadal fat pads in the mice were weighed in order 
to relate the findings to testis size and fatness. 
The leydig cells of the testes are the site of 
synthesis of around 95% of testosterone. In the male an 
increase in the levels of circulating testosterone is 
necessary for sexual maturation. This "pubertal" rise in 
testosterone has been clearly shown to occur in the rat 
(Dohler 1975, Ketelegers 1978), the mouse (Jean-Faucher 
1978), the pig (FlorCruz 1978, Allrich 1982) and in 
cattle (McCarthy 1979). At some time after puberty 
plasma androgen levels (McKinney and Desjardins (1973)) 
and plasma testosterone levels (Jean - Faucher 1978) 
have been shown to decline very gradually with age in 
the mouse. 
In the present study plasma testosterone was measured 
99 
in mice of 5 and 10 weeks of age. Five weeks represented 
not only age at selection but also a point just prior 
to puberty while at 10 weeks the levels were expected to 
have started to decline. 
8.2 Materials and Methods 
8.2.1 Mice and sampling protocol 
Male mice from generation 13 of all of the lines were 
placed in a 12:12 hour photoperiod room at weaning. With 
few exceptions there were 6 mice in each cage, all from 
the same line, and as many families as possible were 
represented. On entry to the photoperiod room each cage 
of animals was allocated to one of the sampling age 
groups of 5 weeks (n=136) or 10 weeks (n=117). 
At the appropriate age the mice were blood sampled at 
hourly intervals. Three bleeds were carried out per 
animal between 8.00am (lights on) and 10.30am. The first 
and second samples were taken from the tip of the tail 
into heparinised capillary tubes. For this the mice were 
restrained in an appropriately sized wire gauze tube 
with the tail protruding from one end. The third sample 
involved exsanguination, into a heparinised pipette, 
from the radial artery under ether anaesthesia. Volumes 
obtained were approximately 40ul of blood from each tail 
sample and 250ul to 1500ul from exsanguination, 
depending largely on the size of the mouse. 
The samples were stored on ice until all three bleeds 
were completed and then spun at 3500 rpm for 15 minutes. 
The plasma was pipetted off into vials (0.5ml or 1.5ml) 
and stored at -20C awaiting assay. The volumes of 
plasma obtained were around half the blood volume taken. 
In any day a maximum of 2 lines (12 mice) were sampled 
and, where age permitted, the lines chosen were those of 
divergent selection for the same selection criterion. 
For ease of handling all of the animals in a cage 
were sampled consecutively. This allowed the apparatus 
to be washed for the next line and so prevent scenting 
of "foreign" males by another group. After each mouse 
was bled it was placed in a clean cage to reduce the 
disturbance of unsampled mice. 
On completion of the final blood sampling both testes 
and both gonadal fat pads were dissected out, placed on 
0.1% saline, moistened filter paper and covered until 
being weighed. 
All the samples from a mouse were measured in the 
same assay. Furthermore, at 10 weeks all the lines with 
a common control line were analysed in the same assay. 
At 5 weeks the replicate 1 body weight lines were 
assayed separately from the testis weight lines due to 
pressure on the facilities. 
8.2.2 The testosterone assay. 
In order to detect the levels of testosterone present in 
lOul volumes of the plasma of 5 and 10 week old mice a 
very sensitive assay was required. A method of measuring 
low concentrations of steroids has been described by 
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Webb, Baxter, McBride et al (1985). This involves a 
double antibody radioimmunoassay (RIA) technique and 
incorporates an affinity chromatography extraction 
procedure. 
Laboratory facilities were provided by A.B.R.O. at the 
Dryden Laboratory, Roslin. 
Affinity Chromatography Extraction of Testosterone. 
Affinity chromatography makes use of the specificity of 
the antigen-antibody reaction to extract steroid present 
in the plasma. When affinity chromatography is used for 
a particular steroid in conjunction with a specific RIA, 
the possibility of cross reaction between the first 
antibody in the RIA and other structurally related 
compounds is reduced. In our assay the procedure used 
was as follows -: 
løul 	of recovery label, 	approximately 2600dpm of 
tritiated testosterone, in Aristar ethanol was pipetted 
into løml screw-capped extraction tubes followed by 
samples of mouse plasma (10-120u1). 3m1 of double 
distilled deionised water (dddH20) were then added and 
the tubes were incubated at room temperature for 20 
minutes. Following the addition of løøul of Sepharose-
4B-antibody (ovine anti-testosterone) and a further lmls 
of dddH 20 the tubes were capped and mixed end over end 
over night at 4C. 
The contents of each extraction tube were poured onto 
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clean 	glass 	columns containing a scintered 	disc 
(porosity 1) to retain the sepharose bound steroid while 
the aqueous phase ran to waste. The extraction tubes 
were rinsed with 7ml of dddH 20 and the rinsings were 
poured onto the columns. Any unbound material in the 
sepharose-antibody precipitate was removed by washing 
with 7mls of dddHO added directly to the columns. The 
use of a small air pump ensured that most of the water 
remaining in the columns was removed. Bound steroid was 
then displaced from the sepharose-antibody using 3ml of 
90% Aristar methanol. The eluate was collected into wide 
lipped glass tubes. The methanol was evaporated in a 
Buchlèr Vortex Evaporator at 40C and the steroid 
extract was reconstituted in 1.8m1 of phosphate buffered 
saline-gel (PBS-gel) and vortexed for one hour at 40C. 
Estimation of percent recovery. 
A recovery estimate was made for every sample. For this 
0.5ml of 1.8ml of reconstituted extract was mixed in a 
scintillation vial with 4ml of Optiphase-X liquid 
scintillant (LKB) and counted on the LKB Wallac Rackbeta 
counter. Percent recovery was assessed by relating the 
individual sample counts, corrected for volume, to total 
counts i.e. counts for lOul of tritiated testosterone in 
0.5m1 PBS-gel and 4ml of scintillant. 
RIA procedure. 
Known volumes of testosterone standard 	(500pg/inl) 
dispensed in triplicate and made up to 0.5m1 with PBS-
gel comprised the standard curve for the assay. The 
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standard curve ranged, from 0.5pg-30pg/tube. 
For the unknown samples 0.5m1 of reconstituted extract 
was dispensed in duplicate. To all the assay tubes løøul 
of iodinated testosterone (Testosterone-3CMO-Histamine 
325 1) at approximately 34500dpm, was added along with 
200u1 of ovine anti-testosterone (1:20 x 106). The 
contents of the tubes were mixed and incubated at room 
temperature for three hours. The separation of first 
antibody bound steroid from unbound steroid was achieved 
by adding lOøul of donkey anti-sheep serum and løOul of 
normal sheep serum allowing the bound testosterone to be 
precipitated. The contents of the tubes were mixed and 
incubated overnight at 4C. The following day 2m1 of 
cold PBS-gel was added to the tubes, which were then 
centrifuged at 3700rpm for 30 minutes allowing the bound 
testosterone to be precipitated. The tubes were then 
tipped, left to drain for 20 minutes and counted on a 
Wallac 80 000 gamma counter. 
Data handling. 
The A.F.R.C. RIA data processing package (1979) was used 
to compute the calibration curve for the assay, using 
logit-log transformation and iterative least squares 
regression analysis, and to calculate sample potencies 
(concentration of steroid per tube) by relating percent 
bound in the tube 'to the equivalent value on the 
standard curve. Potencies in pg/tube were finally 
corrected for plasma volume and recovery efficiency. 
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8.3 Results 
At 5 weeks of age the plasma samples at the first and 
second bleed from individual mice had to be mixed 
together within lines to give detectable levels of 
testosterone; individual measures of testosterone were 
made on the third sample. At 10 weeks all three samples 
were assayed individually. 
8.3.1 Results of the 5 week testosterone levels. 
Figures 8.1 and 8.2 present the testosterone levels at 
each of the three sampling times for the single trait 
lines and index lines respectively with the replicates 
pooled. Individual replicate values are presented in 
Appendix 6. The pooled values can be found in Table 8.1 
and the analysis of variance in Table 8.2. 
In the single trait lines the level of plasma 
testosterone was greater in the low testis weight (XL) 
line than the high testis weight (XH) line except at the 
third sampling. Levels in the high body weight (HX) line 
were greater than the low body weight (LX) line except 
for the third sample. 
In the index lines at 5 weeks (Fig 8.2) the high body 
weight index lines (HH and HL) had decreasing 
testosterone levels from samples 1 to 3 as did the 
control, however the low body weight index lines (LH and 
LL) increased their testosterone levels at sample 2 and 
the levels decreased at sample 3. In all the lines 
except the single trait testis weight line (XH) the 
XH 
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Plasma testosterone (ng/ml) at 5 weeks of age at the 
three sample times, Ttl, Tt2 and Tt3. Replicates pooled. 
Line 	Ttl* 	Tt2* 	Tt3 
CC 3.13 1.69 0.58 
HX 2.56 1.05 0.22 
LX 1.30 0.32 0.36 
XH 2.58 0.18 0.82 
XL 4.07 2.25 0.22 
CC 1.47 0.62 0.17 
HH 2.50 0.78 0.26 
LL 1.36 2.18 0.20 
HL 1.65 0.91 0.13 
LH 0.98 1.60 0.32 
SE 
* Simple means of replicate 1 and 2 pooled sample values 
Least squares mean 
/5c 
TABLE 8.2 
Analysis of variance of testosterone levels in 5 week 
males at the third sampling, Tt3. 
Mean 
Squares 
Source 	df 	Tt3 
Types 1 1.04 
R/T1 1 2.54 
R/T2S 1 0.02 
L/Tl 4 0.83 
L/T2 4 0.12 
(RxL)/Tl 4 1.98 
(RxL)/T2 4 0.32 




£ tested vs Remainder 
+ tested vs (RxL)/T 
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testosterone levels were the lowest at sample 3. 
8.3.2 Results of the 10 week testosterone levels. 
The 	individual 	replicate values of the 10 	week 
testosterone levels for both the single trait and index 
lines are presented in Appendix 6. The values for the 
replicates pooled can be found in Table 8.3 and the 
analysis of variance in Table 8.4. Figures 8.3 and 8.4 
show the testosterone values pooled over replicates for 
the single and index lines respectively. 
At 10 weeks the fall in plasma testosterone from 
sample 1 to 3 was clear. As at 5 weeks of age the XL 
line had greater testosterone levels than the XH line 
and the HX line had higher levels of plasma testosterone 
than the LX line. 
Fig 8.4 shows the HH line to have higher levels of 
testosterone than the LL line while the HL line only 
exceeded the LH line levels at the second sampling. 
8.3.3 Results of 5 week gonadal fat pad dissection. 
The least squares means for 5 week body weight, testis 
weight, Twt/Bwt and GFPwt/Bwt for individual replicates 
of the animals in the testosterone study are presented 
in Appendix 7. The pooled replicate values are given in 
Table 8.5 and the analysis of variance is shown in Table 
8.6. 
The fattest single trait line, as assessed by the 
ratio of GFPwt/Bwt, was the high body weight (HX) line 
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TABLE 8.3 
Plasma testosterone (ng/ml) at 10 weeks of age at the 
three sample times, Ttl, Tt2 and Tt3. Replicates pooled. 
Least Squares Means 
Line 	Ttl 	Tt2 	Tt3 
CC 6.12 3.22 1.49 
HX 4.90 1.21 0.89 
LX 3.36 0.74 0.35 
XH 3.08 2.83 0.76 
XL 7.01 4.63 1.61 
CC 6.38 1.95 0.37 
HH 8.80 3.24 0.45 
LL 6.07 0.89 0.22 
HL 6.06 2.35 0.51 
LH 6.41 0.57 1.26 
SE 1.55 0.60 0.44 
TABLE 8.4 
Analysis of variance of 10 week testosterone levels at 
bleeds Ttl, Tt2 and Tt3. 
Mean Squares 
Source 	df 	Ttl 	Tt2 	Tt3 
Types 1 99.2 15.3 6.1 
R/T1E 1 64.6 16.3 0.8 
R/T2 1 4.8 12.9 2.2 
L/T1 4 33.3 27.8* 3.0 
L/T2 - 4 16.0 14.2 1.9 
(RxL)/T1 4 5.5 3.7 3.2 
(RxL)/T2 4 51.9 4.8 1.4 
(RxL)/T 	8 
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FIG 8.3 
Testosterone levels at 10 weeks of age, replicates pooled. 
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Five week body weight (Bwt), testis weight (Twt), 
gonadal fat pad weight (GFPwt), Twt/Bwt, and GFPwt/Bwt 
for replicates pooled. 
	
Line Bwt 	Twt 	GFPwt 	Twt/Bwt 	GFPwt/Bwt 
(ci) 	(mg) 	(mg) 	((mg/g)x10) ((mg/g)xlO) 
CC 23.0 51.7 16.8 22.1 7.1 
HX 26.8 72.9 25.8 26.9 9.6 
LX 20.0 49.2 12.1 24.2 5.8 
XH 23.6 74.1 16.3 31.0 6.6 
XL 22.6 48.1 17.7 20.6 7.7 
CC 20.7 46.8 11.8 23.4 5.2 
HH 24.5 67.1 13.7 27.3 5.6 
LL 22.3 47.5 15.2 20.9 6.7 
HL 26.5 41.5 22.6 15.6 8.4 
LH 21.4 72.2 12.8 33.5 5.6 
SE 2.3 10.3 3.2 2.3 0.85 
TABLE 8.6 
Analysis of variance of body weight, testis weight and 
gonadal fat pad weight of 5 week male mice. 
Mean Squares 
Source df Bwt 	Twt 	GFPwt Twt/Bwt GFPwt/Bwt 
Types 1 0.5 562 202 20 36.2 
R/T1 1 16.0 3443* 47 374** 1.7 
R/T22 1 7.1 35 64 1.4 4.5 
L/T1 4 93.6 2306 393 200 31.6 
L/T2 4 67.1 2251 222 549** 19.8 
(RxL)/T1 4 50.6 851 124 57 8.0 
(RxL)/T2 4 87.3 1917 149 79 10.8 
(RxL)/T 8 69.0 1384 136 68 9.4 
Remainder 116 12.5 280 38 20 4.1 
2 tested vs Remainder 
~ tested vs (RxL)/T 
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and the leanest line was the LX line. The linear 
contrast between the divergent body weight lines was 
significant (Table 8.7). None of the contrasts among the 
other divergent lines were significant for GFPwt/Bwt. 
The fattest index line was the HL line. 
Although at 5 weeks the contrasts among divergent 
lines were not significant for testis weight , the HL/LH 
lines did differ significantly in the Twt/Bwt ratio. 
8.3.4 Results of the 10 week cionadal fat Pad and testis 
dissection. 
The individual replicate values for Bwt, Twt, GFPwt, 
Twt/Bwt and GFPwt/Bwt can be found in Appendix 7. The 
pooled replicate values are presented in Table 8.8 and 
the analysis of variance is in Table 8.9. While there 
were no significant differences among divergent lines in 
GFPwt/Bwt at 10 weeks (Table 8.10) it was noted that the 
lines selected for low testis weight (XL, LL and HL) 
were fatter than their high testis weight 
contemporaries. The largest difference was between the 
HL/LH lines where there were significant differences in 
both absolute GFPwt and Twt/Bwt. 
Using GFPwt/Bwt as a measure of fatness the findings 
at 10 weeks of age in the present study largely reflect 
those of the generation 10 dissection study at 11 weeks 
of age (Chapter 5) for the index lines. As in generation 
10, the differences in GFPwt/Bwt ratios among the single 
trait lines were small. 
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TABLE 8.7 
Linear contrasts between divergent selection lines for 
5 week body weight (Bwt), Testis weight (Twt), gonadal 
fat pad weight (GFPwt), Twt/Bwt, GFPwt/Bwt. 
	
Contrast Bwt 	Twt 	GFPwt 	Twt/Bwt 	GFPwt/Bwt 
(ci) 	(mg) 	(mg) 	((mg/g)xlø) 	((mg/g)xlø) 
HX-LX 6.7 23.7 13.6* 2.7 3.8* 
XH-XL 1.1 25.9 -1.4 10.4 -1.1 
HH-LL 2.2 19.7 -1.5 6.5 -1.1 
HL-LH 5.1 -30.7 9.7 _18.0* 2.8 
SE 3.3 14.6 4.5 3.3 1.2 
TABLE 8.8 
Ten week body weight (Bwt), testis weight (Twt), 
Gonadal Fat Pad weight (GFPwt), Twt/Bwt, and GFPwt/Bwt 
for replicates pooled. 
Line 	Bwt 	Twt 	GFPwt 	Twt/Bwt 	GFPwt/Bwt 
(g) 	(mg) 	(mg) 	((lng/g)xlO) ((ing/g)xlO)) 
CC 34.1 87.3 59.1 25.3 17.4 
HX 38.8 117.1 62.2 29.9 16.0 
LX 31.2 84.9 52.0 27.6 16.5 
XH 39.2 155.0 63.8 38.9 16.1 
XL 33.8 65.5 57.7 19.3 17.1 
CC 33.8 92.6 62.9 27.0 18.5 
HH 37.3 119.2 51.8 31.7 13.7 
LL 33.4 70.5 52.7 21.1 15.6 
HL 38.5 65.9 83.6 17.2 22.3 
LH 32.3 120.7 47.4 37.3 14.6 
SE 1.9 15.0 6.7 3.4 2.0 
TABLE 8.9 
Analysis of variance of body weight (Bwt), 	testis weight 
(Twt), gonadal fat pad weight (GFPwt) Twt/Bwt and GFPwt/Bwt in 
10 week males. 
Mean Squares 
Source df Bwt Twt GFPwt Twt/Bwt GFPwt/Bwt 
Types 1 3.7 1930 14.7 51.9 333 
R/T1 1 66.7* 13612** 172 605** 22 
R/T2S 1 1.6 196 1213* 20 11934* 
L/Ti' 4 133.3 14443* 224 611* 451 
L/T2 4 82.0 7846 2379* 755* 13739 
(RxL)/T1 4 30.2 2562 757 103 4936 
(RxL)/T2 4 56.1 2844 310 176 4974 
(RxL)/T 8 43.1 2704 534 139 4955 
Remainder 97 10.2 303 297 20 1794 
S tested vs Remainder 
+ tested vs (RxL)/T 
TABLE 8.10 
Linear contrasts among Divergent Selection line for 10 
week Body weight (Bwt), Testis weight (Twt), Gonadal Fat 
Pad weight (GFPwt), Twt/Bwt, GFPwt/Bwt. 
	
Contrast Bwt 	Twt 	GFPWt 	Twt/Bwt 	GFPwt/Bwt 
(g) 	(mg) 	(lug) 	((mg/g)xlO) 	((mg/g)xlø) 
HX-LX 7.6 32.2 10.2 2.3 -0.52 
XH-XL 5.4 89.5* 6.1 19.5* -0.96 
HH-LL 3.9 48.7 -0.9 10.6 -1.89 
HL-LH 6.2 -54.8 36.2** _20.2* 7.70 
SE 	2.7 	21.2 	9.4 	4.8 	2.8 
IØ7d 
8.3.5 Relationships between fatness, testis weight and 
testosterone. 
Correlations among least squares line means (pooled over 
replicates) for some of the traits measured in the 
testosterone study were calculated and are shown in 
Table 8.11. The values above the diagonal are the 
correlations among line means at 5 weeks, below the 
diagonal are correlations among 10 week line means, 
while on the diagonal are the correlations among line 
means for 5 and 10 week values for the same trait. The 
measure of testosterone used in the correlations was 
that found from pooling over both replicates and the 
three sample values per line. 
The correlation between testis weight and fatness 
increased in magnitude from 5 to 10 weeks and became 
negative. The correlations between fatness (GFPwt/Bwt) 
and testis weight relative to body weight are negative 
at both ages and increase in magnitude from 5 to 10 
weeks. 
8.4 Discussion 
The decline in plasma testosterone from the first to the 
third sample (Figs 8.1 - 8.4) may be due to a diurnal 
cycle. The levels of testosterone vary throughout the 
day and in rats increased levels of testosterone have 
been shown in the late dark, early light period (Grotjan 
1976). It may be that sampling just after "lights on" we 
have demonstrated a similar phenomenon in mice and since 
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TABLE 8.11 
Correlations among line means 
Bwt Twt GFPwt Twt/Bwt GFPwt/Bwt Ttl Tt2 Tt3 Tt pooled 
Bwt 0.87 0.24 0.88 0.19 
Twt 0.44 0.92 0.01 -0.03 
GFPwt 0.62 0.62 0.29 
Twt/Bwt 0.97 -0.37 -0.19 
00 GFPwt/Bwt -0.54 -0.64 0.37 0.40 
Ttl 0.19 0.29 0.25 0.89 
Tt2 0.38 0.18 -0.32 
Tt3 0.14 0.48 0.76 
Tt pooled 0.08 -0.21 -0.01 -0.26 -0.03 0.84 0.67 
Above the diagonal are correlations among 5 week line means. 
Below the diagonal are correlations among 10 week line means. 
On the diagonal are correlations of 5 and 10 week line means. 
the levels among the lines became more similar at the 
third sample it was perhaps fortuflc&. that we sampled 
soon after "lights on at the first bleed. An 
alternative explanation is that the decreased levels of 
testosterone after the first bleed could have resulted 
from stress. In man the level of plasma testosterone has 
been shown to be significantly lowered after moderate 
and major surgery (Matsumoto 1970). The removal of the 
tip of the tail for the first two samples in the present 
study might compare to moderate surgery. Furthermore 
exsanguination, at the third sampling, was carried out 
under ether anaesthesia which Bardin (1967) and Fariss 
(1969) found to cause decreased testosterone in the rat. 
It was a matter of concern as to whether the stress 
factors would alter the ranking of the lines with 
respect to their testosterone levels. The assumption 
made however was that, since the animals were subjected 
to the same treatment and since the largest differences 
among the lines were among the first samples, in the 
majority of comparisons where the animals were 
previously unstressed, the levels detected did give a 
true representation of their testosterone status. 
After consideration, the negative correlations 
between testis weight, Twt/Bwt and plasma testosterone 
were not unexpected. Testis size primarily reflects the 
mass of seminiferous tubules and while spermatogenesis 
is dependent on the presence of testosterone this is a 
local effect. Furthermore the levels of circulating 
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testosterone 	are 	the 	product of 	synthesis 	and 
degradation rates and therefore not simply a reflection 
of testicular steroidogenesis. 
It was interesting that the XL line had the greatest 
testosterone levels in the single trait lines and that 
this line was the youngest to achieve puberty as 
assessed by the age at first plug (Table 7.11). 
The marked effect of testosterone on the leanness of 
entire versus castrate males has been discussed in 
Chapter 5. From our results here differences in 
endogenous testosterone levels among lines do not have 
predictable effects on leanness. Certainly there was no 
evidence that the HL line, which has been shown 
consistently to be the fattest at adulthood of all the 
lines, had lower or extreme levels of the main male 
anabolic steroid at either 5 or 10 weeks. 
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8.5 Conclusions 
Testis weight and Twt/Bwt were negatively related to 
testosterone levels in the present study. This would 
suggest that any 'bending" of the body weight growth 
curve has little to do with earlier epiphyseal closure 
as a result of increasing testosterone levels in the 
high testis weight lines. 
Although the presence or absence of testosterone 
affects percentage fatness in a marked way, differences 
in levels of endogenous testosterone have no clear 
effect on degree of fatness. Testosterone levels were 
positively correlated with fatness prior to puberty in 
the male mouse. The magnitude of the relationship 
declined and became negative at 10 weeks of age. 
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9. GENERAL DISCUSSION 
The aim of this study was to continue a selection 
program designed to alter the shape of the body weight 
growth curve, to report the results of selection and to 
investigate the effects of the selection on traits which 
can affect the efficiency of meat production. The 
mouse was used as the experimental animal because of its 
short generation interval, its mammalian physiology and 
the relatively low cost of conducting a selection study 
using it compared to that using larger mammals. The 
experiment involved selection on testis weight and body 
weight at an immature age and the traits measured, in 
addition to those selected for, were body composition, 
food efficiency, reproductive performance and plasma 
testosterone levels. The results of the present work 
should be regarded as preliminary information about the 
effects of selection for body weight and testis weight 
on production traits in livestock as the correlations 
between traits may be species specific. 
Estimates of the genetic parameters realised in the 
single trait selection lines were very similar to those 
computed after 6 generations of selection of the lines 
(Williams 1984). The realised heritability of 5 week 
body weight after 6 generations of selection was 0.19 
and the estimate after 11 generations of selection was 
0.21. These values were within the range found in the 
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selection experiments reviewed by Williams (1984). The 
realised heritability of testis weight at 5 weeks was 
0.44 in both the generation 6 and generation 11 studies. 
A high realised heritability for 11 week testis weight, 
h 2 = 0.52, was also found by Islam, Hill and Land 
(1976). It was expected that the estimate of the 
heritabilities in the present study might have declined 
using 11 generations of information for its calculation 
as the genetic variation in any trait may be expected to 
decrease with selection. Clearly this was not the case. 
The realised genetic correlation between 5 week body 
weight and 5 week testis weight using 11 generations 
data was 0.74 compared to 0.70 after 6 generations of 
selection. Despite the fact that the responses to 
selection against a genetic correlation are expected to 
be small the responses in testis weight and body weight 
CQ 
in the Index 2 lines Amuch larger than the predicted 
values (Table 3.7). The reason for this result was 
unclear but may reflect the fact that body weight is a 
composite trait 1,2, comprising lean, fat and boney 
tissue and that testis weight may be more closely 
correlated with one of these components rather than body 
weight itself. 
As seen in Chapter 4, selection on the combinations of 
5 week body weight and 5 week testis weight in indices 
has altered the shape of the growth curves in the mouse. 
However this result was obtained after 6 generations of 
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selection (Williams 1984) and the further 5 generations 
of selection have not caused large changes in the shape 
of the curves. The effect of selection for testis weight 
on the shape of the growth curve was most clearly seen 
in the low body weight index lines (LH and LL) where 
selection for high testis weight reduced the growth rate 
after the age of selection while selection for low 
testis weight did not. 
The size of the response in the shape of the growth 
curve need not be large in order to be of potential 
value in the efficiency of meat production but for the 
practical application of such selection it is necessary 
to investigate the responses to the selection of 
economically important production traits. The present 
work included studies of body composition, food 
efficiency, mating failure rate, litter size, ovulation 
rate, prenatal survival and age at male puberty. In 
addition the testosterone levels of male mice from each 
of the selected lines were investigated in order to 
explain differences in body composition and food 
efficiency physiologically. 
The predicted response in body composition in the 
index lines was that the animals of greater maturity in 
body weight at a given age would have a greater 
percentage of carcass fat at that age. In other words 
the high testis weight lines were predicted to be more 
fat at the same age. In fact the high testis weight 
lines had less fat after the age of selection compared 
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to the control animals. One explaination for this 
finding was thought to be the effect of increased 
testosterone levels in these high testis weight animals. 
However a study of the testosterone levels of the mice 
at 5 and 10 weeks of age showed that in fact the 
differences in the testosterone levels between the high 
and low testis weight animals were non significant. 
Over the 3 - 16 week period of study the low testis 
weight mice had greater food efficiencies than the high 
testis weight mice. This was due partly to their low 
food intake during this period and to their higher rate 
of growth after the age of selection (as predicted in 
Chapter 3) compared to that of the high testis weight 
animals. The continued growth of the low testis weight 
lines was possibly due to a later onset of fat 
deposition as these lines became more fat with age 
compared to the high testis weight lines. 
The increased mating failure of the low testis weight 
lines became clearly evident in generations 9 - 12 
(Table 7.1). From the study undertaken it was not 
possible to ascribe the cause of the failure to either 
the male or female mice. It was possible that selection 
for low testis weight had caused a reduction in the 
amount of seminiferous tubular tissue, which comprises 
the most part of the testicular mass, and therefore 
reduced the sperm production of the testicle. It was 
unlikely that reduced testosterone production was 
causing reduced libido in these male mice as their 
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testosterone 	levels 	were 	greater, 	though 	not 
significantly so, than the high testis weight animals. 
Selection for testis size in sheep (McNeilly 1986) did 
not produce significant differences in testosterone 
levels between the high and low line line animals but 
did cause significant differences in the levels of 
luteinising hormone. McNeilly concluded from the 
experiment that selection for testis size had caused 
differences in the pituitary gland and/or hypothalamic 
activity in the selected ram lambs. Since the same 
gonadotropins, follicle stimulating hormone and 
luteinising hormone control the gonadal activity of both 
sexes in mammals it may be that if selection for testis 
weight alters the levels of these hormones then this may 
cause changes in the gonadal function of genetically 
related females. 
Islam, Hill and Land (1976) have shown that the 
ovulation rate of lines selected for high and low 11 
week testis weight changed in the same direction as that 
of testis weight. This may have been due to altered 
hormone production in the lines. In the present study 
ovulation increased with selection for increased testis 
weight as predicted. 
It is interesting to speculate that changes in the 
hormonal control system as a result of selection for 
testis weight and/or body weight may affect fertility at 
various stages in the reproductive process i.e. at 
ovulation, fertilisation, implantation or later in 
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gestation. Technically it would be extremely difficult 
to tackle this question in the mouse however due to the 
episodic release of the gonadotropins. The rather small 
amount of blood in the mouse would make repeated or 
continuous sampling impossible. 
As 	a further investigation of the effects 	of 
selection for testis weight in the growth curve indices 
an attempt was made to examine the relationship between 
maturity in body weight and sexual maturity in the 
mouse. In the one replicate which was studied the high 
testis weight index lines were sexually mature, as 
assessed by the age at which they first produced a 
copulation plug in an adult female, at an earlier age 
than their low testis weight counterparts. In sheep 
earlier sexual maturity has been related to an earlier 
"peak" in the level of luteinising hormone and again 
this may support the thesis that selection for testis 
weight in relation to body weight has affected the 
gonadotropin release in the mice. 
In order to rationalise the results from the numerous 
studies made on the 8 different selection criteria in 
the current work a summary table was drawn up to show 
the effects of selection on economically important 
traits. Table 9.1 indicates whether the lines have 
performed better than (+) or worse than (-) their 
unselected control lines. As much of the U.K. meat 
production is from castrate animals the table shows both 
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TABLE 9.1 
Summary table of the responses of economically important traits in the selected lines relative to the unselected 
control lines. The table was compiled with reference to 	Replicates pooled figures. 
+ = better than the unselected control 
- = worse than the unselected control 
Early gains 	Late Gain 	Early food efficiency % Fat at 5 weeks X Fat at 17 weeks Matings Litter 
Line Entire Castrate Entire Castrate 	Entire 	castrate 	Entire Castrate Entire Castrate 	Failure Size 
HX 	+ 	+ 	+ 	- 	 - 	- 	 - 	- 	+ 	- 	+ 	+ 
LX 	- 	- 	- 	- 	 - 	- 	 + 	+ 	- 	+ 	+ 	- 
XH 	+ 	+ 	- 	-. 	 - 	- 	 - 	+ 	+ 	+ 	+ 	+ 
XL 	- 	+ 	- 	- 	 - 	- 	 + 	+ 	- - - - 
HH 	+ 	+ 	- 	- 	 + 	+ 	 + 	+ 	+ 	+ 	+ 	- 
LL 	- 	- 	- 	- 	 + 	+ 	 + 	+ 	- 	+ 	- 	- 
HL 	+ 	+ 	+ 	- 	 - 	+ 	 - 	+ 	- 	+ 	- 	+ 
LH 	+ 	- 	+ 	+ 	 + 	+ 	 + 	+ 	+ 	+ 	+ 	+ 
Early Gain; + = More Gain 
• 	Late Gain; + = Less Gain 
Early Food Efficiency; + = More Gain per unit of food intake 
• 	% Fat; + = Lower % Fat (Chemical Carcass Analysis) 
Mating Failure; + 	Fewer mating failures per line 
Litter Size; + = Larger Litter Size (Average Litter size over generations 9 - 12) 
entire 	and castrate performance as there is some 
interaction with - sex". 
Looking across Table 9.1 a profile for each selection 
can be seen for economically important traits. In 
practice the economic value of each trait is different 
and dependent on consumer demand. However the +" signs 
in the table for each selection indicate the potential 
of a line for particular production niche. 
From the table the line with least to commend it is 
the XL line which only has a greater early gain when the 
animals are castrated compared to the control and has a 
lower percent fat content at 5 weeks of age. The two 
lines with the greatest number of potentially 
advantageous characteristics are the HH and LH lines. 
From the outset the HH line was predicted to be the line 
with the most desirable growth curve, i.e. having fast 
early gain and reduced growth rate after the age of 
selection therefore reducing maintenance costs and so 
production costs. The rate of late gain in this line was 
however greater than that in the control line and litter 
size was smaller than the control line. A large litter 
size helps to spread the costs of production. 
In terms of meat production the characteristics of 
the LH line seem the most favourable. It has a small 
adult size, has a food efficiency and litter size better 
than that of the control and has a lower percentage fat 
composition at 5 and 17 weeks regardless of sex', i.e. 
entire or castrate. 
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To conclude, the results of a further 5 generations of 
selection for combinations of body weight and testis 
weight by the current author have done little to 
increase the changes in the shape of the growth curve 
achieved after the first 6 generations of selection 
conducted by Williams (1984). 
The effect of selection for testis weight on the shape 
of the growth curve was more apparent in the low body 
weight index lines (LL and Lii) than in the high testis 
weight lines (HH and Lii). 
Low testis weight was associated with continued growth 
after the age of selection, greater food efficiency over 
the 3 - 16 week age range, largely as a result of the 
continued higher growth rate after the age of 
selection, higher mating failure rate and increasing 
percentage fat at 17 weeks of age. Selection for high 
testis weight produced responses which are more likely 
to be of potential use in livestock production. 
The applied value of these findings depend largely on 
the future requirements of the meat industry but the 
work does present information on different traits which 
could prove useful for livestock improvement. 
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APPENDIX 1 
Selection Differentials each generation on 5 week body weight (g) in replicate 1 
Generation 
Line 0 1 2 3 4 5 6 7 	8 9 10 11 
CC 0.5 -0.6 0.3 -0.2 -0.1 -0.8 0.7 0.2 0.5 0.3 0.2 
HX 1.5 2.2 1.9 2.1 1.7 2.1 2.7 1.5 1.5 1.8 2.0 
LX -1.8 -1.9 -2.1 -1.6 -1.2 -0.8 -2.6 -2.1 -1.8 -1.7 -1.4 
XH 0.7 0.9 1.6 0.8 1.2 1.5 1.8 1.3 1.3 2.6 1.1 
XL -1.5 -1.7 0.0 -0.4 -1.5 -1.0 -1.1 -0.8 0.2 -1.0 -1.8 
CC 0.2 0.1 -0.4 0.2 -1.0 -0.9 0.1 0.0 0.5 -0.2 0.5 
HH 1.4 1.7 1.8 1.1 1.7 1.7 2.0 0.8 1.2 1.5 1.2 
LL -0.9 -1.9 -1.2 -1.4 -1.3 -1.6 -1.4 -1.4 -1.0 -1.3 -0.8 
HL 1.0 0.9 0.7 1.1 1.2 1.4 1.1 1.9 2.1 1.5 0.5 
LH -1.5 -2.5 -1.0 -0.2 -0.4 -1.9 -0.5 -0.3 -1.3 -0.9 0.1 
APPENDIX 1 
Selection Differentials each generation on 5 week body weight(g) in replicate 2 
Generation 
Line 0 1 2 3 4 5 6 7 	8 9 10 11 
CC -0.8 0.1 0.0 0.1 0.2 -0.3 0.3 0.2 -0.2 1.7 0.2 
HX 1.2 1.4 1.5 1.2 0.9 1.8 1.3 1.3 1.2 2.0 1.4 
LX -1.3 -1.7 -1.9 -1.7 -3.3 -1.7 -1.8 -1.3 -1.6 -2.5 -1.2 
XH 1.6 0.5 1.5 0.3 1.0 0.5 1.5 0.6 1.5 1.1 0.9 
XL -0.8 -0.5 -0.8 -0.1 -0.3 -0.5 -0.3 -0.5 0.4 0.0 -1.4 
CC -0.2 -0.3 -0.3 0.2 -0.4 0.3 -0.4 0.1 0.0 0.1 -1.3 
HH 2.1 2.8 1.9 2.2 1.4 1.3 2.1 1.4 1.6 1.7 2.0 
LL -1.5 -2.2 -1.8 -1.9 -1.3 -1.3 -1.8 -1.4 -0.5 -2.7 -2.1 
HL 1.0 0.0 0.8 0.5 1.0 1.0 0.6 0.8 1.5 0.7 1.7 
LH -1.0 -2.2 -1.8 -0.8 -0.9 -0.6 -1.0 -0.2 -1.3 -0.9 -1.3 
Generation 
Line 0 1 2 3 4 5 6 	7 
CC -0.6 -1.6 -2.1 
HX 0.2 7.6 8.6 
LX 0.4 -3.8 -5.7 
XH 12.9 9.8 9.4 10.1 10.5 10.0 14.0 
XL -9.9 -14.5 -11.8 -6.3 -8.5 -7.8 -8.3 
CC -0.6 2.2 -2.0 
HH 10.9 7.8 11.7 11.1 9.1 8.5 15.1 
LL -6.7 -8.4 -5.2 -5.6 -10.6 -8.5 -4.7 
HL -5.0 -1.0 -4.2 -3.0 -0.6 -1.3 -0.7 
LH 2.2 -0.8 3.7 8.0 5.9 1.4 6.4 
[j 
	




12.0 	13.5 	6.6 
-4.1 	-6.3 	-4.5 	-5.1 
9.0 8.4 6.5 6.4 
-6.6 -2.3 -3.4 -4.1 
2.2 2.1 3.4 -0.3 
5.6 5.2 2.0 6.3 
APPENDIX 1 
Selection Differentials each Generation on 5 week Testis weight (mg) in replicate 1 
Generation 
Line 0 1 2 3 4 5 6 	7 
CC -1.0 5.1 1.7 
HX 2.3 2.5 4.0 
LX -2.3 -4.4 0.0 
XH 8.7 5.4 6.4 7.6 13.0 5.2 10.0 
XL -6.9 -6.9 -5.4 -4.2 -4.5 -5.2 -7.8 
CC -1.0 1.4 -3.9 
HH 5.4 14.1 9.5 7.4 5.5 9.9 12.2 
LL -5.1 -10.8 -9.9 -7.6 -7.1 -6.9 -9.0 
HL -5.8 -8.2 -4.3 -4.6 -3.3 -5.1 -8.3 













8.3 8.4 4.1 4.5 
-7.7 -1.5 -4.0 -5.3 
1.0 0.2 -2.8 -0.4 
3.8 -0.9 1.9 3.8 
APPENDIX 1 
Selection Differentials each Generation on 5 week testis weight (mg) in replicate 2 
0.3 
1.5 1.6 1.5 1.4 
-1.5 -0.8 -1.1 -0.9 
1.3 1.4 1.2 0.2 
0.4 -0.1 -0.3 0.8 
APPENDIX 1 
Selection Differentials each Generation on Index 1 (I = 0.54W + 0.112T) in replicate 1 
Generation 
Line 0 1 2 3 4 5 6 	7 
CC 0.2 -0.3 0.2 
HX 0.9 2.0 2.4 
LX -0.9 -1.3 -2.0 
XH 1.8 1.6 1.9 1.5 1.8 1.9 2.5 
XL. -1.9 -2.5 -1.3 -1.0 -1.7 -1.4 -1.5 
CC 0.0 0.4 -0.2 
HH 2.0 1.8 2.3 1.8 2.0 1.9 2.8 
LL -1.2 -2.0 -1.2 -1.4 -1.9 -1.8 -1.3 
HL 0.0 0.4 -0.1 0.3 0.6 0.6 0.5 
L.H -0.6 -1.5 -0.2 0.8 0.5 -0.9 0.5 




1.8 	2.0 	2.9 	1.4 
-0.9 -0.6 -1.0 -1.5 
Generation 
Line 0 1 2 3 4 5 6 	7 
CC -0.6 0.6 0.3 
HX 0.9 0.9 1.1 
LX -1.0 -1.4 -1.0 
XH 1.9 0.9 1.5 1.0 2.0 0.8 1.9 
XL -1.2 -1.0 -1.0 -0.5 -0.7 -0.9 -1.0 
CC -0.2 0.3 -0.7 
HH 1.8 3.1 2.1 2.0 1.4 1.8 2.5 
LL -1.4 -2.4 -2.1 -1.9 -1.5 -1.5 -2.0 
HL -0.1 -0.9 -0.1 -0.3 0.2 0.0 -0.6 











1.7 1.8 1.4 1.6 
-1.6 -0.4 -1.9 -1.8 
0.5 0.8 0.1 0.9 
0.3 -0.8 -0.3 -0.3 
APPENDIX 1 
Selection Differentials each Generation on Index 1 (I = 0.54W + 0.112T) in replicate 2 
0.2 
-0.6 -0.3 0.1 -0.1 
0.0 -0.3 -0.3 0.1 
0.8 0.9 0.5 0.3 
-0.8 -1.3 -0.7 -0.7 
APPENDIX 1 
Selection Differentials each Generation on Index 2 (I = 0.54W - 0.112T) in replicate 1 
14 
Generation 
Line 0 1 2 3 4 5 6 	7 
CC 0.4 0.1 0.6 
HX 0.8 0.3 0.5 
LX -1.0 -0.4 -0.7 
XH -1.1 -0.6 -0.2 -0.7 -0.5 -0.3 -0.6 
XL 0.3 0.7 1.3 0.5 0.2 0.3 0.3 
CC 0.2 -0.1 0.3 
NH -0.5 0.0 -0.3 -0.7 -0.1 0.0 -0.6 
LL 0.3 -0.1 -0.1 -0.1 0.5 0.1 -0.2 
HL 1.1 0.6 0.9 0.9 0.7 0.9 0.7 
LH -1.1 -1.3 -1.0 -1.0 -0.9 -1.2 -1.0 




-0.5 -0.7 -0.1 -0.1 
0.0 	0.8 	0.0 -0.4 
-0.2 -0.1 0.5 0.6 
0.1 -0.1 -0.1 -0.6 
0.3 0.8 0.7 0.9 
-0.5 -0.6 -0.7 -1.1 
APPENDIX 1 




Line 0 1 2 3 4 5 6 	7 
CC -0.3 -0.6 -0.1 
HX 0.4 0.4 0.2 
LX -0.5 -0.4 -1.0 
XH -0.1 -0.3 0.1 -0.7 -0.9 -0.3 -0.3 
XL 0.4 0.5 0.2 0.4 0.4 0.3 0.7 
CC 0.0 -0.1 0.2 
HH 0.5 -0.1 0.0 0.4 0.2 -0.4 -0.3 
LL -0.2 0.0 0.2 -0.2 0.1 0.1 0.1 
HL 1.2 0.9 0.9 0.8 0.9 1.1 1.2 
LH -1.0 -1.7 -0.8 -0.9 -1.1 -1.1 -0.8 




-0.6 -0.5 -0.5 -0.7 
0.4 0.5 0.0 -0.1 
0 1 2 3 4 5 6 
25.9 24.1 26.4 24.9 26.5 27.5 26.3 
25.9 24.6 25.0 26.7 24.8 29.3 27.7 
25.9 23.8 23.3 25.6 24.5 25.8 24.3 
25.9 25.4 24.3 27.4 27.3 27.9 29.3 








7 8 9 10 11 12 
28.4 26.3 23.6 25.2 26.0 
29.0 27.8 26.0 26.4 24.5 
25.2 23.3 21.3 21.7 19.2 
27.8 29.3 27.9 27.5 27.6 
24.7 24.7 21.3 19.7 19.8 
24.2 24.2 23.3 24.8 25.6 26.2 23.9 
24.2 26.8 25.1 26.8 28.0 26.3 25.8 
24.2 27.1 24.6 24.1 25.6 26.5 24.6 
24.2 26.7 24.0 24.9 25.0 26.4 24.8 
24.2 26.1 24.1 24.0 23.7 25.8 22.8 
24.4 24.0 21.5 22.7 22.8 
27.2 28.2 27.1 24.0 26.3 
25.3 25.6 24.8 23.9 22.4 
27.2 28.5 26.4 26.1 25.8 







Mean litter mean body weight (g) at 5 weeks in replicate 1 
0 1 2 3 4 5 6 
23.4 26.1 21.6 23.7 25.6 25.2 24.2 
23.4 26.0 23.9 24.4 27.6 27.6 26.0 
23.4 26.4 24.5 24.7 26.0 25.9 24.6 
23.4 27.1 24.4 26.2 29.1 27.6 25.6 








7 8 9 10 11 12 
23.3 24.8 22.6 22.4 22.5 
25.3 27.2 25.1 24.9 24.9 
24.7 23.7 19.4 22.9 19.4 
27.6 27.8 25.8 22.3 24.4 
25.3 26.5 25.5 23.2 21.9 
24.2 24.8 24.9 24.6 26.6 26.9 24.4 
24.2 25.0 26.2 27.3 30.1 29.6 27.9 
24.2 25.4 25.0 24.9 25.8 25.5 25.0 
24.2 25.9 22.2 25.0 26.7 28.1 27.6 
24.2 25.6 21.0 23.7 24.8 23.1 24.1 
24.5 24.7 23.2 22.7 21.6 
28.3 25.5 26.3 27.4 20.8 
25.4 23.0 21.4 19.2 19.7 
27.0 24.8 24.6 22.5 22.6 







Mean litter mean Body weight (g) at 5 weeks in replicate 2 
Generation 
0 1 2 3 4 5 6 	7 8 9 10 11 12 
68.9 64.4 72.6 71.4 
68.9 73.6 85.6 81.1 
68.9 74.2 74.4 56.1 
68.9 69.1 72.9 80.5 87.2 91.0 95.3 95.5 104.5 90.0 94.1 100.7 
68.9 58.5 68.6 62.2 67.7 73.0 60.2 57.4 59.9 39.2 39.2 40.5 
60.5 61.4 55.6 53.1 
60.5 76.4 76.1 75.1 85.9 77.3 76.2 75.9 90.4 78.5 67.5 72.2 
60.5 74.4 63.6 57.9 62.7 66.8 54.9 54.6 55.8 49.3 46.8 38.0 
60.5 67.4 62.1 60.6 58.0 62.4 51.6 59.0 64.0 50.9 50.1 47.2 













Mean litter mean Testis weight (mg) at 5 weks in replicate 1 
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APPENDIX 2 







0 1 2 3 4 5 6 
21.69 20.68 22.32 
21.69 22.65 24.54 
21.69 22.15 21.46 
21.69 21.43 21.26 23.84 24.52 25.27 26.50 
21.69 18.97 21.44 20.55 21.33 22.54 19.32 
19.83 20.25 19.14 
19.83 23.03 22.05 22.86 24.75 22.84 22.46 
19.83 22.96 20.40 19.53 20.83 21.80 19.44 
19.83 21.96 19.95 20.26 20.03 21.26 19.16 
19.83 21.92 20.50 20.45 21.14 23.69 20.36 





25.71 	27.55 25.25 25.39 	26,17 
19.79 	20.06 	15.91 	15.03 	15.24 
18.20 
23.18 25.35 23.41 20.54 22.27 
19.78 20.08 18.93 18.17 16.34 
21.28 22.54 19.98 19.72 19.19 















0 1 2 3 4 5 6 
19.10 19.20 19.78 
19.10 19.97 21.58 
19.10 20.41 19.98 
19.10 22.06 20.20 21.30 24.79 23.58 22.51 
19.10 21.45 19.50 19.47 22.46 21.54 19.76 
19.72 19.93 19.78 
19.72 21.43 22.97 24.02 26.53 27.01 24.47 
19.72 21.50 21.14 21.05 22.20 21.65 20.53 
19.72 20.93 17.45 19.73 20.85 21.80 21.28 
19.72 21.43 18.03 20.58 21.33 20.34 21.35 





24.57 	24.96 	22.19 	18.48 	21.41 
20.51 	20.47 	19.68 	17.67 	17.10 
18.64 
24.95 22.87 23.32 23.97 18.64 
20.86 17.95 16.84 14.88 15.93 
20.76 17.99 18.07 16.83 15.69 















0 1 2 3 4 5 6 
6.26 6.26 6.06 
6.26 6.16 5.38 
6.26 5.53 4.80 
6.26 5.96 4.93 5.80 5.00 4.88 5.15 
6.26 5.87 6.07 6.61 6.17 6.18 5.83 
6.27 6.49 6.69 
6.27 5.91 5.01 6.05 5.50 5.51 5.40 
6.27 6.29 6.16 6.55 6.80 6.85 7.13 
6.27 6.86 6.03 6.68 7.03 7.28 7.60 
6.27 6.29 5.57 5.51 4.50 4.20 4.32 





4.31 	4.14 	4.88 	4.30 	3.62 
6.93 	6.66 	7.14 	6.25 	6.16 
6.31 
6.18 5.11 5.82 5.42 6.10 
7.54 7.59 7.89 7.69 7.82 
8.06 8.21 8.58 8.49 8.62 









Line 0 1 	2 	3 	4 5 	6 
CC 6.21 6.44 6.36 
HX 6.21 6.34 6.54 
LX 6.21 6.27 6.61 
Xli 6.21 7.23 	6.19 	7.00 	6.59 6.21 	5.17 
XL 6.21 6.37 	6.70 	7.19 	6.85 6.87 	6.31 
CC 6.37 6.68 6.59 
HH 6.37 5.59 5.32 5.46 6.02 4.91 5.63 
LL 6.37 5.89 5.91 5.84 5.71 5.91 6.44 
HL 6.37 7.07. 6.55 7.27 7.94 8.60 8.51 
LH 6.37 6.21 4.70 4.99 5.47 4.64 4.65 
Generation 




5.29 5.06 5.69 5.60 4.93 
6.78 8.19 7.88 7.36 6.50 
5.84 
5.59 4.70 5.11 4.72 3.81 
6.58 6.89 6.29 5.87 5.31 
8.39 8.78 8.54 8.73 8.72 
4.25 4.25 4.51 4.82 3.65 
APPENDIX 2 
Mean litter mean Index 2 (I = 0.54W - 0.112T) in Replicate 2 
APPENDIX 3 
Generation 13 Chemical Carcass Analysis: Body weight (BWt), Weight 
of Fat (F), Protein (P) and Ash (A). Percent Moisture (X M), Fat 
(X F), Protein (% P) and Percent Ash (% A). 
5 WEEK ENTIRES 
Line Rep BWt F P A X M % F Z P % A 
CC 1 25.2 2.10 4.54 0.79 68.1 8.33 18.0 3.12 
2 24.4 2.09 4.37 0.59 69.1 8.56 17.9 2.40 
HX 1 28.0 2.38 5.12 0.75 68.5 8.51 18.3 2.67 
2 26.9 2.66 4.61 0.68 67.9 9.91 17.1 2.53 
LX 1 22.6 1.66 4.49 0.62 68.8 7.37 19.9 2.73 
2 22.3 1.75 4.01 0.52 69.7 7.86 18.0 2.33 
XH 1 31.3 3.05 5.66 0.74 67.2 9.74 18.1 2.37 
2 26.0 1.95 4.72 0.72 70.1 7.51 18.2 2.76 
XL 1 21.4 1.55 4.12 0.59 68.4 7.24 19.3 2.75 
2 24.3 2.14 4.28 0.74 68.9 8.83 17.6 3.07 
CC 1 22.6 1.96 4.23 0.62 68.1 8.67 18.7 2.76 
2 24.3 1.91 4.48 0.79 69.5 7.87 18.4 3.25 
HH 1 26.3 2.02 4.68 0.66 70.5 7.69 17.8 2.51 
2 28.7 2.12 5.34 0.66 70.3 7.39 18.6 2.31 
LL 1 23.2 1.85 4.32 0.64 69.2 7.96 18.6 2.76 
2 26.2 1.75 4.91 0.79 70.6 6.66 18.8 3.01 
HL 1 27.8 2.54 4.90 0.63 68.5 9.15 17.6 2.28 
2 28.0 2.52 5.07 0.75 68.7 9.00 18.1 2.68 
LH 1 25.4 1.94 4.77 0.68 69.6 7.62 18.8 2.67 
2 23.9 2.03 4.21 0.71 69.3 8.47 17.6 2.96 
APPENDIX 3 
Generation 13 Chemical Carcass Analysis: Body weight (BWt), Weight 
of Fat (F), Protein (P) and Ash (A), Percent Moisture (Z M), Fat 
(% F), Protein (% P) and Percent Ash ( A). 
5 WEEK CASTRATES 
Line Rep BWt F P A % M % F X P X A 
CC 1 23.1 2.34 3.91 0.66 67.0 10.13 16.9 2.85 
2 21.8 1.94 3.91 0.51 69.0 8.90 17.9 2.34 
HX 1 26.5 2.34 4.74 0.79 68.1 8.80 17.9 2.98 
2 25.0 2.56 4.41 0.54 67.4 10.25 17.7 2.15 
LX 1 22.1 1.76 3.98 0.69 68.4 7.94 18.0 3.12 
2 21.2 1.39 4.09 0.54 70.2 6.56 19.3 2.55 
XH 1 . 	 26.0 2.41 4.64 0.75 67.8 9.27 17.9 2.89 
2 24.0 1.87 4.40 0.58 69.7 7.80 18.3 2.40 
XL 1 19.5 1.85 3.62 0.56 67.0 9.45 18.6 2.88 
2 22.1 1.89 3.89 0.59 69.2 8.57 17.6 2.66 
CC 1 20.9 1.83 3.79 0.55 68.7 8.77 18.2 2.65 
2 23.4 2.42 3.99 0.51 67.7 10.3 17.1 2.20 
HH 1 23.6 1.87 4.29 0.57 69.7 7.94 18.2 2.41 
2 27.5 2.28 4.92 0.68 69.5 8.31 17.9 2.46 
LL 1 21.2 1.70 3.79 0.53 69.5 8.00 17.8 2.51 
2 21.8 1.61 4.12 0.56 69.7 7.40 18.9 2.56 
HL 1 25.8 2.76 4.31 0.60 67.1 10.70 16.7 2.32 
2 21.3 1.77 3.54 0.49 70.0 8.30 16.6 2.32 
LH 1 23.7 1.76 4.25 0.60 69.5 7.40 17.9 2.52 
2 20.5 1.91 3.71 0.44 68.9 9.33 18.1 2.16 
I/s. 
APPENDIX 3 
Generation 13 Chemical Carcass Analysis: Body weight (BWt), Weight 
of Fat (F), Protein (F) and Ash (A), Percent Moisture (% N), Fat 
(X F), Protein (% P) and Percent Ash (X A). 
17 WEEK ENTIRES 
Line Rep BWt F P A % M X F X P X A 
CC 1 38.3 4.51 7.40 0.96 63.9 11.8 19.4 2.52 
2 37.6 6.47 7.38 1.15 58.7 17.2 19.7 3.06 
HX 1 41.3 4.91 8.13 1.27 63.5 11.9 19.7 3.07 
2 39.1 5.71 7.93 1.35 60.2 14.6 20.3 3.45 
LX 1 36.4 5.14 7.16 0.89 61.6 14.1 19.7 2.45 
2 34.5 5.36 6.78 0.90 59.9 15.6 19.7 2.60 
XH 1 48.7 5.84 9.32 1.34 64.1 12.0 19.2 2.76 
2 34.4 3.04 7.30 1.26 65.1 8.9 21.3 3.68 
XL 1 36.3 5.03 7.14 1.10 62.2 13.8 19.7 3.03 
2 39.3 7.02 7.60 1.21 57.7 17.9 19.3 3.08 
CC 1 37.7 5.21 7.07 1.21 62.6 13.9 18.8 3.20 
2 37.1 4.26 8.21 1.26 61.4 11.5 22.2 3.40 
NH 1 37.1 3.59 7.47 1.26 65.6 9.7 20.1 3.39 
2 43.2 5.06 9.39 1.47 62.0 11.7 21.8 3.40 
LL 1 40.6 7.36 7.73 1.15 58.6 18.1 19.1 2.83 
2 34.0 3.95 7.32 1.36 62.3 11.6 21.5 3.99 
HL 1 41.7 6.59 8.01 1.33 60.4 15.8 19.2 3.20 
2 36.9 5.26 7.68 1.31 59.6 14.3 20.8 3.54 
LH 1 36.2 4.19 7.18 1.26 63.8 11.6 19.8 3.47 
2 34.5 4.15 7.26 1.26 62.8 12.0 21.0 3.66 
'49 
APPENDIX 3 
Generation 13 Chemical Carcass Analysis: Body weight (BWt). Weight 
of Fat (F), Protein (P) and Ash (A). Percent Moisture (% N), Fat 
(X F), Protein (Z P) and Percent Ash (X A). 
17 WEEK CASTRATES 
Line Rep BWt F P A Z H % F % P X A 
CC 1 38.0 6.64 7.11 1.16 59.2 17.5 18.7 3.05 
2 33.5 5.67 650 0.98 58.7 16.9 19.4 2.92 
HX 1 40.9 7.84 7.61 1.17 57.7 19.2 18.6 2.86 
2 44.2 12.19 7.64 1.34 49.5 27.6 17.3 3.04 
LX 1 30.7 4.72 5.69 0.84 61.6 15.4 18.5 2.74 
2 31.4 4.78 5.95 0.92 60.3 15.2 18.9 2.93 
XH 1 42.6 6.61 8.41 1.31 60.7 15.5 19.8 3.09 
2 34.6 5.39 6.80 1.11 59.2 15.6 19.6 3.21 
XL 1 32.5 5.82 6.10 0.98 58.1 17.9 18.8 3.01 
2 34.0 6.81 6.25 1.03 55.4 20.0 18.4 3.02 
CC 1 34.4 7.38 6.07 0.99 56.2 21.5 17.7 2.87 
2 36.4 9.07 6.63 1.06 50.9 24.9 18.2 2.92 
HH 1 36.0 4.48 7.02 1.19 62.9 12.4 19.5 3.30 
2 39.3 6.65 7.67 1.29 57.8 16.9 19.5 3.29 
LL 1 36.1 8.90 6.13 1.08 52.9 24.6 17.0 2.98 
2 33.3 5.63 6.63 1.06 56.8 16.9 19.9 3.18 
HL 1 39.3 6.25 7.63 1.21 60.0 15.9 19.4 3.07 
2 37.0 .7.87 6.89 1.15 54.7 21.3 18.6 3.12 
LH 1 32.3 5.16 6.26 1.09 59.7 16.0 19.4 3.37 
2 30.3 4.79 6.12 1.03 59.0 15.8 20.2 3.39 
1573 
APPENDIX 4 
Mean Litter size* per generation in Replicate 1 
Generation 
Line 1 2 3 4 5 6 7 8 9 10 11 12 
CC 11.8 11.5 9.8 8.5 9.9 10.1 10.6 10.1 12.2 10.9 10.4 10.1 
HX 11.0 11.8 10.1 9.8 11.3 12.7 11.4 10.1 11.7 12.4 11.2 10.0 
LX 12.2 12.6 8.8 9.3 9.3 9.2 7.9 10.0 10.9 9.8 7.3 7.5 
XH 10.7 10.7 10.3 10.9 11.8 11.0 9.6 11.6 14.2 11.5 11.2 12.5 
XL 11.7 11.1 7.4 9.3 11.5 10.8 8.9 10.3 11.3 8.4 7.9 7.9 
CC 12.3 10.9 9.8 10.4 10.2 11.8 9.3 10.3 11.4 9.4 9.8 9.8 
HH 11.9 10.0 9.5 9.1 9.2 12.0 11.1 10.4 8.7 9.4 9.5 8.6 
LL 9.5 11.0 9.6 9.4 11.1 9.0 9.6 10.0 8.5 8.6 9.3 9.4 
HL 12.1 10.5 10.4 10.6 9.4 11.3 10.7 10.7 11.0 10.1 10.0 11.8 
LH 11.1 10.4 9.9 10.7 10.9 11.9 9.9 11.9 11.5 10.2 11.3 11.3 
* "No litter matings were not included in the line means 
APPENDIX 4 
Mean litter* size per generation in replicate 2 
Generation 
Line 1 2 3 4 5 6 7 8 9 10 11 12 
CC 10.2 7.8 9.5 9.5 10.5 9.3 8.1 10.8 9.7 8.7 9.6 10.2 
HX 10.7 9.1 8.8 8.8 10.8 11.5 8.8 10.5 10.3 10.6 9.5 9.6 
LX 10.9 12.4 11.0 11.4 11.0 11.6 9.1 9.5 9.4 9.4 6.6 7.7 
XH 10.5 9.5 9.8 8.5 9.6 9.4 9.8 10.9 10.5 9.9 10.5 10.9 
XL 10.8 8.8 9.5 7.7 9.3 10.4 8.5 9.5 6.4 8.1 9.8 10.4 
CC 12.0 9.3 10.7 8.6 12.9 10.6 8.3 11.1 11.0 9.5 9.7 9.9 
HH 11.2 11.2 10.2 10.8 10.0 12.5 10.2 13.3 9.9 10.8 10.1 12.9 
LL 11.7 10.5 9.3 11.9 12.2 10.6 9.1 10.6 7.9 9.3 8.5 8.7 
HL 10.4 10.1 8.9 9.6 10.0 10.7 9.1 7.8 11.1 8.1 8.9 10.8 
LH 10.7 8.7 9.0 11.4 11.2 10.5 10.3 8.9 10.1 8.7 9.7 9.8 
* "No litter" matings were not included in the line means 
APPENDIX 4 
Mean litter size per generation for replicates pooled 
Generation 
Line 1 2 3 4 5 6 7 8 9 10 11 12 
CC 11.0 9.7 9.7 9.0 10.2 9.7 9.4 10.5 11.0 9.8 10.0 10.2 
HX 10.9 10.5 9.5 9.3 11.1 12.1 10.1 10.3 11.0 11.5 10.4 9.8 
LX 11.6 12.5 9.9 10.4 10.2 10.4 8.5 9.8 10.2 9.6 7.0 7.6 
XH 10.6 10.1 10.1 9.7 10.7 10.2 9.7 11.3 12.4 10.7 10.9 11.7 
XL 11.3 10.0 8.5 8.5 10.4 10.6 8.7 9.9 8.9 8.3 8.9 9.2 
CC 12.2 10.1 10.3 9.5 11.6 11.2 8.8 10.7 11.2 9.5 9.8 9.9 
HH 11.6 10.6 9.9 10.0 9.6 12.3 10.7 11.9 9.3 10.1 9.8 10.8 
LL 10.6 10.8 9.5 10.7 11.7 9.8 9.4 10.3 8.2 9.0 8.9 9.1 
HL 11.3 10.3 9.7 10.1 9.7 11.0 9.9 9.3 11.1 9.1 9.5 11.3 
LH 10.9 9.6 9.5 11.1 11.1 11.2 10.1 10.4 10.8 9.5 10.5 10.6 
* "No litter" matings were not included in the line means 
APPENDIX 5 
Least 	squares means 	of 	5 week body weight 	(BWt), 
ovulation rate (OR), 	live foetus count at 18 days 	of 
gestation (LF) and prenatal survival (PNS) in generation 
8 for individual replicates. 




82.5 1 23.8 14.6 11.9 
2 21.2 13.1 10.7 83.9 
HX 1 23.2 17.6 11.7 70.0 
2 20.6 11.6 10.2 88.6 
LX 1 21.6 13.5 11.4 84.0 
2 21.9 13.4 10.0 74.0 
XH 1 24.6 15.7 13.3 84.3 
2 23.1 15.2 11.4 74.8 
XL 1 20.3 14.3 11.7 84.6 
2 22.5 13.1 9.1 70.6 
CC 1 22.9 14.2 11.2 79.4 
2 22.1 13.9 11.9 84.3 
HH 1 24.8 15.8 10.6 68.2 
2 25.3 15.5 12.9 83.4 
LL 1 22.0 12.8 9.8 74.0 
2 21.2 13.4 10.5 78.1 
HL 1 23.2 15.1 11.3 72.9 
2 23.4 14.2 8.8 61.4 
LH 1 23.1 14.3 11.2 78.1 
2 22.1 13.5 10.3 76.6 
SE 0.6 0.8 0.9 5.8 
APPENDIX 6 
Plasma testosterone (ng/ml) at 5 weeks of age at the three sample times, 
Ttl. Tt2 and Tt3. 
Line Replicate 1 Replicate 2 
n Ttl Tt2 Tt3* n Ttl Tt2 Tt3* 
cc 6 5.01 3.52 1.95 6 1.52 0.37 0.08 
HX 6 1.98 0.24 0.19 6 2.44 2.62 0.25 
LX 6 1.04 0.14 0.20 6 1.26 0.40 0.55 
XH 6 2.17 0.18 1.52 5 2.99 0.18 0.11 
XL 6 4.34 0.72 0.20 5 3.80 3.79 0.24 
CC 6 0.75 0.66 0.18 6 2.19 0.58 0.16 
HH 6 1.64 0.15 0.11 6 3.36 1.41 0.42 
LL 6 1.00 1.11 0.17 6 1.73 3.26 0.23 
HL 6 1.65 1.68 0.16 6 1.65 0.13 0.09 
LH 6 0.48 0.46 0.14 6 1.48 2.73 0.50 
Least squares means 
APPENDIX 6 
Plasma testosterone (ng/ml) at 10 weeks of age at the three sample times, 
Ttl, Tt2 and Tt3. 
Line Replicate 1 Replicate 2 
n Ttl Tt2 Tt3 n Ttl Tt2 Tt3 
CC 6 7.6 3.4 2.4 6 4.7 3.1 0.6 
FIX 6 6.8 1.2 0.4 6 3.0 1.2 1.4 
U' 
LX 4 4.1 0.9 0.4 6 2.6 0.5 0.3 
XH 6 4.2 3.9 0.8 6 1.9 1.8 0.7 
XL 6 7.1 5.9 1.7 6 6.9 3.4 1.5 
CC 6 4.7 1.5 0.4 6 8.0 2.4 0.4 
HH 6 10.5 2.6 0.6 6 7.1 3.9 0.3 
LL 6 5.4 1.0 0.4 6 6.7 0.8 0.04 
HL 6 9.4 0.9 0.4 5 2.7 3.8 0.7 
LH 6 5.2 0.6 2.0 6 7.7 0.5 0.5 
APPENDIX 7 
Five week Body weight (Bwt). Testis weight (Twt). Gonadal Fat Pad weight (GFPwt), Twt/Bwt and GFPWt/Bwt. 
Replicate 1 Replicate 2 
Line Bwt Twt GFPwt Twt/Bwt GFPwt/Bwt Bwt Twt GFPwt Twt/Bwt GFPWt/Bwt 
(g) (mg) (mg) ((mg/g)xlø) ((mg/g)xlO (g) (mg) (mg) ((mg/g)xlø) ((mg/g)xlO) 
CC 26.2 65.2 21.3 25.1 8.0 19.1 38.3 12.3 19.1 6.2 
HX 27.0 84.2 25.4 30.7 9.3 26.5 61.6 26.1 23.1 9.8 
LX 21.3 61.6 15.0 28.4 6.7 18.7 36.9 9.3 20.0 4.9 
XH 23.5 79.6 17.0 32.8 6.7 23.7 68.6 15.6 29.1 6.6 
XL 20.4 41.3 14.2 19.4 6.9 24.7 55.0 21.2 21.7 8.6 
CC 17.4 37.1 7.8 21.7 4.0 24.1 56.5 15.8 25.1 6.5 
HH 23.5 59.4 13.5 25.6 5.8 25.5 74.9 13.9 29.1 5.4 
LL 22.5 43.3 15.8 19.3 7.0 22.1 51.7 14.5 22.5 6.4 
HL 29.2 45.6 27.5 15.6 9.4 23.8 37.3 17.7 15.5 7.4 
LII 24.6 93.5 16.7 37.7 6.7 18.2 50.9 9.0 29.3 4.5 
APPENDIX 7 
Ten week Body weight (Bwt). Testis weight (Twt) Gonadal Fat Pad weight (GFPwt). Twt/Bwt. GFPwt/BWt. 
Replicate 1 Replicate 2 
Line Bwt Twt GFPwt Twt/Bwt GFPwt/Bwt Bwt Twt GFPwt Twt/Bwt GFPwt/Bwt 
(g) (mg) (mg) ((mg/g)xlø) ((mg/g)xlO) (g) (mg) (mg) ((mg/g)xlø) ((mg/g)xlø) 
CC 35.7 107 52.6 29.8 14.6 32.5 67 65.6 20.8 20.2 
HX 40.4 146 60.0 35.8 14.6 37.2 88 64.4 24.0 17.3 
LX 31.2 97 57.3 31.9 18.2 31.2 73 46.6 23.4 14.8 
XH 42.3 180 77.7 42.2 18.2 36.0 130 50.0 35.5 14.0 
XL 32.8 57 55.9 17.6 17.0 34.7 74 59.4 21.1 17.1 
CC 32.3 75 51.4 23.0 15.9 35.3 110 74.4 30.9 21.1 
HH 35.4 114 51.6 31.6 14.4 39.1 124 52.0 31.9 13.0 
LL 33.6 68 52.1 20.5 15.6 33.2 73 53.3 21.7 15.7 
}IL 42.3 76 75.1 18.3 17.8 34.7 56 92.2 16.0 26.7 
LH 32.4 144 45.3 43.9 13.8 32.1 97 49.5 30.8 15.3 
